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PBEFACE. 



This little work has been prepared mainly to aerye the pur- 
pose of a note book, so that conciseness has been aimed at 
throughout. Chemical apparatus is now so commonly used, 
that no attempt has been made to describe it ; neither has the 
author thought it necessary to give lengthened accounts of 
chemical manipulation, which, it is presumed, is seen in the 
lecture-room. Bolder type distinguishes the more important 
facts, and thus famishes a first course for beginners. 

Tables of FormulaB have been introduced to make the 
pupil familiar with them at an early stage, and to assist the 
teacher in giving exercises in calculating percentages. It is 
hoped that the Exercises at the end will be found of service 
in preparing for Examinations. 

The New Notation and Nomenclature have been adopted. 

The temperatures are given on Fahrenheit's scale, but the 
annexed table will enable the student to convert them into 
Centigrade. 

The writer begs to acknowledge the important aid he has 
received from the following recent works on Chemistry, 
"Watt's Dictionary," "Miller's Elements of Chemistry," 
" Brande and Taylor's Chemistry," " Williamson's Chemistry," 
" HoflFman's Modem Chemistry," " Abel and Bloxam's Hand- 
book of Chemistry," and " Fownes's Manual of Chemistry." 
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DEFINITIONS, &c. 

1. The mAmse of Ohemifltry makes tu enqaaintofl with 
the propertMB of the Tarioin elexnentar; bodies in nattoe, their 
actioiui tm each other, the prodiictB which Qxf form, and the 
laws which regalate their ection. Thomson. 

2. Qrganio Oheznistry treats of those substances 
which are produced directly, or indirectly, by the viialproc$8se8 
in animals or vegetables. Bodies otherwise obtained are 
embraced by Inorganio OhemisfTy. 

3. An Slement is a simple fbnn of matter which cannot 
be resolved into any other kind erf matter. 

Siaci^^-iliree elBttentB are at prMent known. 

4. The Metals or Metallio Elements are distin- 
gniEdied by— !• A peculiar Instre. 2. Their opacity. 8« Their 
high conducting powon in regard to heat and 'elaotneky. 4. 
Doctility. 5. Malleability. 6. High specific graTity. 7. Ten- 
acity. 

The fbllowing is a list of the metals. Potassium, Sodimn, Lithium, 
CiBsiimi, Bnbidimn; Barimn, Strantinm, Caldun; Alnminnm, Olndnom, 
Zirooninn^ Thorinum^ Ytixinm, Erbinm, IMmmi, CSorinm, Lanthttniun, 
Didymimn; Hagnesiimi, SSnc, Cadminm; Cohalt, Nickel, TTxaoimn, Inm, 
OhnnlflByiin^BHMfle; tln,Tllaai^ MolybdAHim, 

Vanadinm, Tu^gtbem, Axseniciin, An&BO^, Bimmtik; Cof|iHr« JmA, 
ThaBimn; Mexcuiy, Silver, Gold, Flatinmn, PaUadinm, Bhoiivin, 
Rnthenimn, Osmimn, Iridimn. 

5. The Non-MeCaUio EiemoDts or Xetalloids 

embrace the rest of the elements. ^ 

Th^ a» OxtfBDp Hydrogen, Kftroeen, Cartian, Chlorine, Braoune, 
Eodine, Stonne, Sn^^nr, Meniam, T^mimn, PhoeplioniB, Bonm and 
Bilicon. 
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25. Table of Elements — Metalloids. 



Oxygen 


Sjm. 




At. Wt. 

16 


Bromine 


fr 


AtWt. 

80 


Hydrogen 


H 


1 


Iodine 


I 


127 


Nitrogen or Azois 


N 


U 


Fluorine 


F 


19 


Sulphur 


S 


32 


Boron 


B 


10.9 


Phosphorus 


P 


31 


Silicon 


Si 


28 


Carbon 





12 


Selenium* 


9e 


79.5 


Chlorine 


CI 


35.5 


Tellurium* 


Te 


129 






Metals. 






Potassiumf'Zflfoiwm) K 


39.1 


Iron {Femm) 


Fe 


56 


Sodium (Natrium) Na 


23 


Chromium 


Or 


52.5 


Lithium* 


Li 


7 


Manganese 
Tin (Stannum) 


Mn 


55 


CaBsium* 


Cs 


133 


Sn 


118 


Rubidium* 


Bb 


85.4 


Titanium 


Ti 


50 


Barium 


Bs 


187 


Molybdenum* 


Ho 


96 


Strontium 


Sr 


87.5 


Tungsten or 






Calcium 


Ca 


40 


Wolfram 


W 


184 


Aluminum 


Al 


27.5 


Vanadium* 


V 


187 


Magnesium 


Mg 


24 


Arsenicum 


As 


75 


Gluci'num* 


G 


9.5 


Antimony(/S«&«wm)Sb 


122 


Zirconium* 


Zr 


89.5 


Bismuth 


Bi 


210 


Thorinum* 


Th 


119 


Copper (O^prwrnJ 
L^ {Plumbum) 


Ctt 


68.5 


Lanthanum* 


Ln 


92.8 


Pb 


207 


Yttrium* 


Y 




Thallium*OyrMm)Tl 
Mercury (Hydrar- Hg 


204 


Erbium* 


E 




200 


Terbium* 


Tr 




Silver {Argenium) Ag 


108 


Cerium* 


Ce 


92 


Gold (Aurtm) 


An 


1«6.7 


Didymium* 


Di 


96 


Platinum 


Pt 


197.1 


Zinc 


Zn 


65 


Palladium* 


Pd 


106.5 


Cadmium* 


Od 


112 


Rhodium* 


Bo 


104.S 


Cobalt 


Co 


59 


Ruthenium* 


Ba 


104.2 


Nickel 


Ni 


59 


Osmium* 


Os 


199 


Uranium* 


U 


120 


Iridium* [hhm) 


It 


197.1 


Tantalum* 


• 


137.6 
Barerl 


Niobium*(C(7ft(m 
ilements. 


• Nb 
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26. Notation. Thenamesofthe elements are represented 
by letters called their Symbols. {See Table of Elements.) 

A Symbol also represents one atom of the element indicated, as C for 
example, means one atom of Carbon. The Molecule of a free element is 
represented hj a doable letter, as HH, a molecule of Hydrogen. 

Compound bodies are represented by placing together the symbols^ of 
their components, as Na CI for one molecule of Common Salt, or Chloride 
of Sodium. 

In compounds containing metals, the symbol for the metal is placed 
first 

Ex.— BaS04 Sulphate of Barium. 

When there is more than one atom of an element in a molecule, it is 
shown by a small figure, or index to the right of the symbol, as H3 0» 
water, which means, that there are two atoms of hydrogen in a molecole 
of water. 

A large figure to the left of the symbols, indicates the number of 
molecules in a compound. 

Ex.~5 CO3 represents 5 molecules of Carbonic Anhydride. 

A large figure preceding a bracket multiplies all the symbols 
within the bracket 

Ex. — 6 (Na2 CO3 lOHaO) means 6 atoms of Carbonate of Sodium. 

The union of one compound with another is expressed by a -j- (plue 
sign) or a , (comma), 

27. Nomenclature. Oxides contain oxygen in combi- 
nation with another element, generally a metal. The proportion 
of oxygen in an oxide is indicated generally, by a prefix, as 
sub, sesqui, &c. 

A Suboxide is formed by an atom of a diatomic metal uniting with 
an atom of oxygen, as Mercurous Oxide Hg2 0. The diatomic metal in 
this case, is only equal to one atom of Hydrogen. 

A Monoxide or Protoxide contains either (a) one atom of a diatomic 
metal, or (b) two atoms of a monatomic metal witii one atom of osygen. 
Exs.— a. Cupric oxide, CuO. b. Soda> l^aa 0. 
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In the htfdrate of the latter, one atom of [sodium is replaced by i 
atom of hydrogen, as follows, 

g*|0 becoming ^ |o. 

A Sesqnioxide is foimed by the combination of one atom and a ha 
of oxygen with one atom of a diatomic metal. 

Ex. — Alnmina AI2 O3 (both numbers are doubled to avoid the fractio 
li). 

A Binoxide or Dioxide contains two atoms of oxygen with one ato 
of a diatomic metal, or two of a monatomic metal. 

Exs.-« Peroxide of silrer, Ag3 O3 ; peroxide of barium, Ba Oi 
Dentoxide is synonymous with binoxide. Peroxide means the high 
oxide. 

An aeti oxide is sometimes distinguished as an eleotro-negatit 
oxide, and a basic oxide, as elootro-positive* 

Sulphides consist of sulphur in combination with some other elemei 
generally a ^etal. 

Exs. — Sulphide of mercury, HgS; Bisulphide of platinum, PtS: 
Fersulphide of gold, Au2 Ss 

CMoridea, Phosphides^ &o., contain Chlorme and Phosphori 
&c., respectirely in combination witii some other element. .' 

Exs. — Subchloride of silrer, Ags CI; Bichloride of platinum, Ft Ch 
Fluoride of calcium, Ca F2 

AoidS. — ^Acids containing oxygen as an essential element are calk 
Oxraoids, whilst those which contain hydrogen as essential, are knoir 



Adds without water are termed. Anhydrides. 

Exs. — Ox^actd^Sulphuric Acid, Hj SO4 ; Nitric Acid H NO3 
HyrfracWs—Hydrochloric Acid, HCl; Iodic Acid, H lOs 
Anhydrides — Carbonic anhydride, CO3 ; Sulphuric anhydride, SO3 

When the name of an acid ends in io it signifies that it contains mo^ 
oxygen than another ending in ons. 

Exs.— Sulphurous anhydride, SO2 ; Sulphuric acid, H2 SO4 

An acid containing more oxygen than is represented by ic is prefixe 
by per; if it contain less than is expressed by ous, hypo is prefixed. 

Exs.— Hypochlorons acid, BCIO; Chlorous acid, HCIO^ ; Chloii 
acid, HdOs ; Fetchlorio add HCIO4 
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Hydro is prefixed to the bydncids as Hydrobromie aeid, HBr. 

Monobasio Aolds contain in a molecule, one atom of ^ydiogen, 
ich may be replaced by a numatomie metal as Nitric Add, HNOs » the 
tirogen of which may be replaced by Bodiun forming the Nitrate of 
iium, NaNOs 

Dibasio Aolds contain in a molecule, tufo atoms of Hydrogen which 
;y be replaced either by two atoms of a motuitomic metal luce S)dinm, or 
D atom of a diatomic metal like Zinc. 

Ex.— Snlphnric Acid, H2 SO4 with Sodium forms Snlphate of Sodinm, 
ft SO4 and with Zinc, Sulphate of Zinc, Zn SO4 . 

Tribasio Aoids contain in a molecule, three atoms of Hydrogen 
lich may be replaced by three atoms oi a monatomic metal, or one atom 
a triatomic metal. 

Ex.-^Pho6phoric Acid, Hs PO4 may haye its three atoms of Hydrogen 
(placed by three atoms of Sodium, forming Phosphate of Sodium, 
I3 FO4, or one atom of Bismuth formiog Phosphate of Bismuth, Bl PO4 

When more than one atom of Hydrogen in an acid is displaced by a 
nilar number of atoms oi a metal, it is called Polybaslo. 

Bases. A Base or Basyl may <^nsist of a metal, or a ecmpound 
Divalent to a metal 
Exs.— Nitrate of sodium, Na NOs ; Nitrate of ammoninm Hi N NOs 

Salts-— Ozysalts are such as contain an oxide, in combbation with 
oxyadd or anhydride. 

Haloid Salts consist of a metal combined with one of the Aa&^sns. 
'eepar, 21.) 

£xs.—Ox^«a//— Sulphate of potassium, E2SO4; Haloid 5a/t— 
aoride of Calcium, CaF 

When an acid ends in ic, the salt deriyed from it terminates in ate. 
Ex.— Snlphate of sodium is deriyed from sulphuric acid. 

When an add ends in ous, the salt deriyed from it terminates in Ite. 
Ex. — Sulphite of sodium is formed from sulphurous acid. 

Neutral or Normal Salts are snch as do not, when dissolred, 
ange the colour of litmus paper. 
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Thf lolntioni of Aold Salts change a hliu litmns paper to red. 

BaslO Salts change a red litnams paper to blue. 

When the hydrogen in a monobasic acid is replaced by a tnonad, or 
that of a bibasic acid by a dyad, the salt is called normal or nevtral 
although it may change the colour of litmus paper. In nitrate of lead, for 
instance, the dycul lead, occupies the place of two atoms of hydrogen, 
2H NOs becoming Fb2N03 This is said to be a normal or neutral salt, and 
yet it reddens litmus paper. Change of colour of litmus, therefore, must 
only be considered as a general proof of acidity or neutralit}^. 

28. Formulee.— Empirical Formula is the repre- 
sentation of the composition of a body by its symbols, showing 
simply what elements it contains, and the proportions of each. 
Rational Formula is such a representation by symbols, 
as indicates some theory as to the manner in which the elements 
are united in a componnd. 

Nitrate of Caldum is found by analysis to contain Ca N2 do Hs so 
that these symbols indicate its empirical formula^ but on the supposition 
that Nitric Acid is combined with lime and water, the symbols may be 
thus arranged, CaO, NO5 4H0, which is its rational formula^ or as is now 
done, supposing that the acid and base are arranged differently when 
united, from what they are when separate, the rational iormula may be 
given thus— 

CaNOs4H2 0. 

29. Orystallisation. A Orystal is a soUd body, 
bounded by plane surfaces, disposed according to a regular law 
of symmetry, the form thus produced being essentially related 
to the composition and properties of the body, so that the 
minutest particles into which the body can be mechanically 
divided exhibit either the same form or one related to it by 
determinate laws. Watts. 

System 1.— Cubic, Octahedral, Tessular or Regrular, having 
3 rectangular axes, all equal. 

Allied Form*— 1 Cube, 2 Eegular Octahedron. 3 Tetrahedron. 
'Hhombic Dodecahedron. 5 Trapeaohedron. 
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Exs.— Copper, Nickel, Gold, Lead, Alum, Ckunmon S$M, Anenioni 
Acid, Diamond, Flnonpar, Icon FyriteB and Gkunet 

System 2.— Right Square Frismatio, having 3 nctangnlar 
axes, 2 equal. 

AUted Fornu — 6 Square Friflm. 7 Octahedron, with a square base. 

Ezs.— Ferrocjanide of Fotassium, Cjanide of Mercuiy, Calomel and 
Tin. 

System 8.— Rhombohedral, haying 3 equal axes not rectangular, 
intersecting at 60^, one perpendicular to the three. 

Allied Forms— S Bhombohedron. 9 Bipjramidal Dodecahedron. 
10 Hexahedral Prism. 

Exfl. — Calcareous Spar, Nitrate of Sodium, Ice, Camphor, Tourmaline, 
Quartz, Amethyst, Emerald, Corundum and Graphite. 

System 4.— Right Reotangnlar, or Rhombic Frismatio, 
haying 3 rectangular axes, no two equal. 

Allied Forms-^ll Bight Rectangular Frism. 12 Bight Bhombic 
Frism. 13 Bight Bectangular Octahedron. 14 Bight Bhombic Octa- 
hedron. 

Exs. — ^Sulphur, Nitre, Bochelle Salts, Topaz, Arragonite, Bichromate 
of Fotassium, Citric Acid, Sulphates of Magnesium, Barium, Fotassium 
and Zinc 

System 6.— Oblique ReotaagiQar, or Rhombic Pris- 
matic, haying 2 axes oblique, the third perpendicular to both. 

, AUied Forme — 15 Oblique Bectangular Frism. 16 do. Bhombic 
Frism. 17 do. Bectangular Octohedron. 18 do. Bhombic Octohedron. 

Exs.— Felspar, Mica, Epidote, Sulphate and Carbonate of So- 
dium, Chlorate of Fotassium, Borax, Sn Jfr, Sulphur, Sulphate of Lime and 
Oxalic Acid. 

System 6.— Doubly Oblique Prismatic, haying s axes, all in- 
tersecting each other obliquely. 

Allied Jbrflu.— 19 Doubly Oblique Frism. 20 Doubly Oblique 
Octahedron. 

Exs.— Sulphates of Copper and Iron, and Nitrate of Bismnth. 
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NON-METALLIC ELEMENTS. 

30. Oxygen. 

Eq., 16; Sym., ; Atom. Vol., Q ; Sp. Gr., 1.1057. 

This element is when pure, a colourless and tasteless 
gas. Its most striking property is that of supporting com- 
bustion and animal life. It forms more than one-fifth the 
weight of the atmosphere and eight-ninths that of water. 
It is, however, never found free in nature, but is readily 
prepared by heating a mixture of the chlorate of potassium 
and black oxide of manganese, both finely powdered. The 
following equation represents the chemical re-action. 

(l.)-.2KCl Os + Mn O2 = 2KC1 + 30j + Mn O2 . 

Oxygen has never been liqaified ; is not combustible but supports 
combustion, as strikingly seen when phosphorus, sulphur, iron wire, Sec,, 
are burnt in a jar of the gas ; combines with every other element except 
Fluorine ; supports animal life, hence called vital air ; water absorbs only 
■3^^ its bulk at d2<> ; 100 cu. in. weigh 34.203 grains; forms basic, neutral, 
and acid oxides ; rapidly compressed, its temperature rises to 400 ^ ; is 
most magnetic of all gases. Discovered by Db. Fbibstly, and by 
ScHBELB, independently of each other, in 1774. 

Preparations— Other Methods. 

2.— Bv heating the Red Oxide of Mercury to 700" or 800** (F.) 

2HgO = 2Hg + O2 
3. — By heating the Binoxide of Manganese in an iron bottle. 

3Mn02 = Mns O4 + O3 
IJb of the Oxide is said to yield 5 gallons of Oxygen. 

4.— By the decomposition of wafer by electricity. 

Eg = H3 + O. 
5. —By heating the Chlorate of Potassium in a flask. 

2KCIO3 = 2KCI + 30a 
loz. of the Salt yields nearly 2 gallons of oxygen. 
6.— By heating Sulphate of Zinc to red heat. 

2ZnS04 = 2ZnO f 2S0j + Oa 

7.— By heating Sulphuric Acid with half its weight bf Acid Chromate 
of Potassium, or Black Oxide of Manganese. 
2Ka Cra O7 + IOH2 SO4 = 4KHSO4 , 2 (Or* 3SO4 ) + SHj + 30a 
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8.— By heating Sulphuric Acid so as to decompose it 

2H, SO4 = 2H2 O 4- 2S0, + Oi 
1 fluid ounce of Acid yields 360 cu. in. of Oxygen. 

9. — By raising Baryta to the Peroxide of Barium, by heating it in a 
current of air, and Uien to decompose it by a higher temperature. 

10.— By heating to 70<^ or 80** a strong solution of Chloride of Lime 
containing a little freshly prepared Peroxide of Cobalt. 

Tests. — Should readily re-kindle a glowing match ; forms red fumes 
with nitric oxide. 

Ozone. — This is supposed to be Oxygen in a more active condition ; 
may be prepared by placing clean Phosphorus moistened with a little water, 
in a bottle of Atmosphenc Air, or by passing Electricity through dry 
Oxygen. It has a peculiar smell like weak Chlorine ; insoluble in water ; 
irritates the lungs ; powerful bleacher ; liberates Iodine from Iodide of 
Potassium, hence paper moistened with Iodide of Potassium and starch is 
a good test for Ozone. 

AntozOne. — This is supposed by Schonbein to be an opposite form 
of Ozanet but Yon Babo has shewn it to be Peroxide of Hydrogen. 

31. Hydrogen. 

Eq. 1 ; Sym., H ; Atom. Vol. D ; Sp. Gr., 0.0692. 

Hydrogen is a colonrless, tasteless, and inodorous gas. 
It is inflammable bat does not support combustion. It forms 
an important part of nearly all combustible bodies. It is also 
the lightest body known, being only ^V the weight of air. 
It is not met with in a free state, but is readily obtained 
by the decomposition of water. The common method is to 
add oil of vitriol to a few pieces of zinc or iron and a little 
water in a bottle, without heat. The following reaction 
takes place. 

Ha SO4 4- Zn = ZnSO* + Ha 
lOE. of zinc should yield S^ gallons of hydrogen. 

Hydrogen has nerer been liquified; 100 cu.in. of water only absorbs 
1.93 cu. in. of H when temperature is between 32° and 68®; 100 cu. in. 
weigh 2 14 grains; its lightness may be iUustrated b^ filling a baUoon; 
does not sustain lift; bums with yellow flame; flame gives little light, but 
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I^reat heat. When oxygen is made to combine with the hydrogen flame it 
IB known as the oxyhydrogtn jet\ this jet received on lime giyes an intense 
H^ht, called the Drummond light. Beadily penetrates paper; if two-thirds 
Hydrogen are mixed with one-third oxygen and a light applied, the mix- 
ture will explode; produces musical sounds when burnt in a glass tube; 
combines with oxygen in presence of spongy platinum, and raises the pla- 
tinum to a red heat; when burnt in combination with oxygen, as in Hem- 
ming's Safety Jet, it gives intense heat. Discorered by Cavendish in 1 766. 

PreparatioM, — 2. By decomposition of water, using the voltaic bat- 
tery. Ha = H2 + 0. 

3. — ^By decomposing water with potassium. 

HaO + K2=K20 + H8 

4.— By passing steam throngh a red-hot tube containing iron filings. 
8Fe 4- 4H3 O = FeO, Fea O3 + 4H j 

5. — By passing steam over charcoal heated to a dull red heat. 
2H3 O -f C = 2Hj '\t COa 

6.— By heating zinc with a solution of hydrate of potash. 

2KH0 -f Zn = Ka ZnOa + Ha 
7.— By heating formates or oxalates with excess of hydrate of potas- 
sium, sodium, or calcium. ECHO2 -f- EHO = K^ CO^ -f- Ha 

Tests.— Inflammable; burnt with half itsvolujne of oxygen forms 
water; lightest body known. 

31. Water. 

Jlq., 18; Bym., Ha Oj Com. Vol. as Vapour, 2, or CD ; Sp. Qr. as Vapour 
0*622, as Liquid 1*0, as Ice 0*918. 

Water may be shown both by analysis and synthesis to 
consist of two volnmes or equivalents of hydrogen combined 
with one volume or equivalent of oxygen, condensed to two 
volumes. Rain Water is the purest kind of natural water. 
Spring Water always contains in solution small quantities 
of such salts as carbonate of sodium, chloride of sodium, 
carbonate of magnesium, carbonate and sulphate of calcium ; 
it generally contains, too, a quantity of carbonic anhydride. When 
spring water is charged with a large proportion of saline or 
earthy matter, it is called Mineral Water, as chalybeate, 



containing iron, sulphureous containing sulphuretted hydrogen 
Sea Water holds in solution a large per centage of common 
salt, chloride of magnesium^ sulphate of magnesium, &g. , 

At usual temperature, when quite pure, water is clear, transparent, 
colourless, tasteless and odourless; below 32<>(F.)it freezes ; eyaporates at aU 
temperatures; boils at 212<» with usual pressure of air; acu. in. at 60^ 
weighs 252*456 g;rains; contains 16 parts hy weight of Oxygen and 3 of 
Hydrogen, hence might be called the protoxide of Hydrogen; it is perfectly 
neutral; may be decomposed by bodies haying strong affinity for Oxygen; 
united with other compounds it forms hydrates; such compounds free from 
water are anhydrou$\ it is an excellent solvent i it is got quite pure by 
distiUationi when it contains lime, as seen by causing soap to cura, it is 
called hard; it expands when frozen. Catbndzsh demonstrated its com- 
position in 1781* 

23. Peroxide or Deutoxide of Hydrogen, Hydric 
Peroxide, or Oxygenated Water. 

H3O9. 8p.Gr. of liquid 1*453. 

This is a colourless liquid haying a syrupy consistence; has smell of 
chlorine; remains liquid at —22*' (F.^; heated to 70'' (F.) oxygen is given 
off; is miscible in all proportions with water; does not redden litmus but 
slowly bleaches both litmus and tumeric paper. 

This compound is prepared by passing Oxygen oyer Canstio Baryta 
heated to redness, which yields BaOa , then adding water which forms the 
Hydrate of Bairta, Ba02 6H3 O, and afterwards decomposmg this latter 
body by Hydrodiloric Acid. 

BaO 6H30 + 2HCl = HsOs + 6HsO + BaC]s 

34. Nitrogen or Azote. 

Eq., 14 ; Sym., N; Atom. YoL, D ; Sp.Gr., 0*9718. 

This gas is neither combustible nor a supporter of com- 
bustion. It forms about four-fifths by yolume of the atmosphere, 
and answers an important purpose in diluting the oxygen 
so as to render it fit for constant respiration. It is one of 
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the most important constitnents of plants and animals. It 
hi most commonly obtained by removing the oxygen from 
atmospheric air. This is done by bnming phosphorus in a 
dish .floating on water, and coyering it with a jar filled vrith 
air. 

(1.)— Air + P = N + Pa Oft 

Thif gas has neyer been liijnified; 100 ca. in. weigh SO* 1 19 grains at 
60'; when alone, does not sustam animal life, hence odled Azote; water 
dissolres JL of its bulk, at common temperatures; is a neutral body; has 
neither colour, taste, nor smell; exists in small qoantitj in all plants ; forms 
important compounds with Oxygen and Hydrogen as Nitric Add and 
Ammonia. Duoovexed by Buthibbvobd in 1772. 

Odur Mode* of Preparation,—2,-^Bj passing Chlorine into a sola- 
tion of Ammonia. 

2HiiN-f dC],=:6Ha + Ns 

If the process is carried too fiff, an explonve compound is formed, the I 
Chloride of Nitrogen. I 

8.— By heating the Nitrite of Ammonium. 

H4NNOa = 2H,0 + N8 

4.— By passing air oyer heated copper, finely dirided. This method 
supplies it in large quantities. 

5.— By placing in a jar of air a piece of Phosphorus, moistened iron 
filings, lead shavings^ or sulphides of the alkaline metals. I 

S.— By putting a jar of air oyer an eyaporating dish containing a mix- 
ture of Fyrogallic Acid, and a strong solution of Potash. 

Test8«-*£xtingui8hes burning bodies, and does not render lime water 
turbid; it may be conyerted into Ammonia by heating a substance contain- 
inff it with soda and limeyand is then distinguished by the Ammonia Tests. 
—Par. 42. 

35. The Atmosphere. 

The Air is a mixture of the two gases Oxygen and Nitrogen. 
In 100 parts by meaaure^ 79.19 are nitrogen and 20.81 aie 
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oxygen. In 100 parts by wiightf 76.99 are nitrogen and 28.01 
are oxygen. Specimens examined in different parts of the 
world have been found to vary but yery slightly. Oarbonic 
Anhydride, watery yaponr and Ammonia are found in small 
quantities diffused in the atmosphere. 

The atmosphere contains 8 to 6 parts in 10,000 of Carbonic Acid, and 
small portions of Watery Vapoqri Nitric Add, AmmonJa, Carboretted 
Hydrogen, Snlphnretted Hydrogen, Snlphorons Acid, and Organic impuri- 
ties ; the proportion of Oxygen in the Air may be seen in tiie fifth method 
of obtaining Nitrogen, by the rising of the water in the tube about one-fifth i 
this may be shown more correctly by exploding 50 measures of Hydrogen 
with the Oxygen of 100 measures of Air in a Ure's Eudiometer. 

Air in Eudiometer 1 00 measures. 

Hydrogen added .50 „ 

150 
After Explosion 87 

Diminution • ..', 63 

This diyided bv 3 (the steam formed being composed of H rols. Hy- 
drogen and 1 Yol. OxygiBn) gires 21 measures of Oxygen in 100 measures 
of air. 

^6. Nitric Acid, or Hydrated Nitric Acid. 

Sym., HNO3 ; Eq., 63; Sp. Gr. of Liquid, 1.517; BoiL PL 184*» F. 
This liquid is sometimes called Aquafortis. It is, when 
pnre, a colourless, faming, and remarkably corrosive acid. 
The commercial acid is yellow, arising from the presence of 
the lower oxides of nitrogen. It is obtained from a nitrate, 
as the nitrate of sodium or Potassium, by heating it with an 
equal weight of Sulphuric Acid. 

KNOs + Ha SO4 = HNOa + KHSO4 
When prepared on a large scale only half the weight of Sulphuric Acid is 
used. The foUowing equations represent the reactions : 

1st stage— 2KN08 + Hj SO4 r= KNOs + HNO3 + KHSO4 
2nd „ — KN08 + KHJ504 = HN08 + KiS04 
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This Add il monolmile; it baa a peenliar amell and a yery aour taste; 
stains the skin yellow ; freezes at — 40^ i is readUj decomposed, and gires off 
a portion of its Oxygen to metals and combustible substances; phospborns, 
chaxQoal, and snlp&nr, when heated with the add, rapidlj ozidite; when 
mixed with snlphnric acid and then poured on oil of turpentine, the 
mixture immediately takes fire; the acid acts most powerfully on metals 
when diluted to about 1.25; dissolyes all the metals except gold, platinum, 
rhodium, and iridium; it forms with bases a great number of important 
salts which are all soluble in water; it bas been obtained by passing electric 
sparks through moist air. 

Second Hydrate of Nitrio Aoid.— Some chemists consider that 
there is a second hydrate haying this composition. 
SHNOa.SHaO. 

Tettf.— Add solution of Sulphate of Iron, and afterwards Snlphnric 
Add, to a solution containing Nitric Acid, or a nitrate, when a brownish 
red line is seen; heated with copper turnings it giyes off red fumes. 

Nltrlo Anhydride, or Anhydrous Nitrio Acid. Ns O5 • Got 
from the Nitrate of Silyer by passing dry Chlorine gas oyer it 
4 AgNQs + aca, = 4Aga + Oa +2N2 O5 

Discoyered in 1849, by M. Dsyillb; it is a colourless crystalline body 
which melts at 85^ and boils at 113^ (F); dissolves in water, giying out 
much beat, and yielding the hydrated acid. 

37. Nitrates. 

Many Nitrates are anhydrous; some contain 3, 4, 5 or 6 atoms of 
water; no acid nitrates known, but several basic nitrates may be obtained; 
most are easily melted, and all are decomposed when strongly heated, as 
when thrown on the fire; touch-paper is got by dipping paper into the 
solution of any nitrate and then drying it. 

Nitrate of Potassium KNO3 . Nitrate of Sodium NaNOa 

„ Ammonium ..HiNNOa. „ Barium BaSNOs 



Strontium Sr2N08.5H8 0. 
Magnesium Mg2NOs.6HsO. 
Iron ....Fe2N08.6HjO. 
Lead.. Pb2N03. 

Meicnrous Nitrate HgNOs . Hs O. 

Basic Nitrate of Copper . .Cu2N03 , 3CuHa Os . 

Basic Nitrate of Lead. .. .Fb2NOs , FbHs Os . 

Basic Mercnrons Nitrate. .. .SHgNOs . BgHO. 



Calcium . Ca2N03.4H2 O 
Zinc..Zn2N03. 6H3 O 
Copper . .CU2NO3.6H, O 
Silver AgNOs 



OXIDES OF Hitftoasir. 25 

38. mtroTis Oxide, or Protoxide of Nitrogen. HCO. Mol. 
V'ol., IjH; Sp. 6r., 1.527.— This is an inyisible gaa, haTini;; a faint agree- 
able smell and sweetish taste; 100 en. in. of water at 32^ (F.) dissoWe 130 
cu. in. of the gas, bnt at 75^* (F.) only 60 en. in., so that the gas should be 
collected oyer warm water; it supports combustion, which may be shown as 
with oxygen; reduced to a liquid by pressure of 50 atmospheres at 45^ (F.); 
this liquid boils at — 126^, and freezes at— 150®; the gajeons protoxide is 
neutral; it is distinguished from oxygen by its solubility in water; it has an 
intoxicating elEect when breathed, hence called laughing gas i 100 cu. in. 
weigh 47.29 grains; mixed with equal vol. of hydrogen and fired by electric 
spark in eudiometer, it explodes and sets free its own measure of nitrogen, 
and thus its composition is determined. 

Preparation, ^1% is most readily obtained by heating the nitrate of 
ammonium in a retort or flask. 

H4NN08 = 2H,0+NiO. 

80. Nitrio^Oxide,Dentoxide, or Blnoxide of Nitrogen. NO. 
Atomic Vol., I j_ I; Sp. Or., 1.039. — ^This is a colourless and transparent 
gas; neither combustible nor supporter of combustion; if decomposed by 
heated phosphorus, the latter then burns brilliantly; irrespirable; neither 
acid nor alkaline; water only dissolves ^'^j-th its bulk; has not been liqui- 
fled ; has unpleasant smell; consists of 1 vol. each of oxygen and nitrogen 
uncondensed; forms red fumes in contact with air or oxygen; passed into 
solntiim of ferrous sidphate forms a reddish brown liquid. 

Preparation, — Obtained ordinarily from nitric acid by adding to it 
twice its measure of water, and then pouring it on copper tomings. 
3Cu + SHNOa = 3 (Cu2N08 ) + 2N0 + 4Hi 0. 
loc copper and 4ozs. acid yield about 420 cu. in. NO. 

40. Nitrons Anhydride, Hyponitrons Aoid, or Azotns Aoid. 
N2O8. — As a vapour this is brownish red, but condensed at 0**(F.) it is a very 
vola^e blue liquid; water in small quantity changes the colour of liquid to 
green, more water decomposes it into nitric add and deutoxide of nitrogen; 
forms Nitrites with the Alkalies; these Nitrites commonly found in well- 
water of towns. 

iVcporaeioR.— By mixing in an exhausted receiver 4 measures of nitric 
oxide with 1 measure of oxygen; this gives the anhydride as red fumes; 
condensed to 0*> (F.) it is a blue liquid. 

4L Peroxide of Nitrogen, Hyponitrie Aoid, or formerly 
Nitrous Aoid. Ns O4 .^This is obtained as a red vapour by allowing 
nitric oxide to mix with air or oxygen; the vapour may be condensed bjr a 
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freesing mixtiuwi fonning piismatie crsntals; iheie will melt ni 10^ (F.) 
and yield at the usual temperature of the air an orange-coloured liquid. 
The yapour is suffocating; water gradually added to Uie liquid peroxide 
changes it to a yellow colour, then green, blue, and colourless successiyelj; 
produces a red colour in a neutral solution of sulphocyanide of potassiam. 

Preparation. — It may also be prepared by applying a strong heat to 
the dry nitrate of lead, in a small retort. 

5"(Vb2 NOa ) = 8 PbO + 2N3 O4 + 0, 

42. Ammonia, Volatile Alkali, or Spirit of Hartshorn. 

Sym., EPN; Eq., 17; Sp. Gr., 0.59; Atom, and Mol. Vol., IXI 
The name Ammonia is derived from the Temple of Jupiter, 
Ammon, in Lybia, near which sal ammoniac was at one time 
prepared. This gas is found to a small extent free in the 
atmosphere » being produced by the decomposition of animal 
matter and yarious processes of oxidation. It is remarkable 
for its pungent smell and strongly alkaline properties. It is 
commonly prepared from the chloride of ammonium or sal 
ammoniac, by adding to it an equal weight of quiddime, and 
gently heating the mixture in a flask. 

CaO + 2H4 NCI = CaCla + 2H8 N + H, 0. 

loz. of the chloride of ammoninm yields abont 380 en. in. of ammonia. 

This gas cannot be obtained by nniting hydrogen with nitrogen; it is 
transparent and colourless; water at 32'' (F.) dissolves 1050 times, and at 
59^ (F.) 727 times its bulk; this property may be shown by inyorting ajar 
containing it over water; 100 cu. in. weigh 18.26 grains; produced some- 
times by deoxidation of nitric acid; does not support combustion, but is 
slightly combustible,if a jet of the gas be passed over the hot air from a 
burning argand lamp; it has a burning taste; destroys life if breathed un- 
diluted; neutralizes acids, forming a great variety of salts; may be liquified 
at — 40"" or under pressure of its own atmosphere; its composition shown by 
passing electric sparks through a given volume; two measures thus become 
four measures, which may be shown to consist of 3 vols, hydrogen and I vol. 
nitrogen. 

43. Solution of Ammonia, Hartshorn, or Liquid Ammonia. 
— Got by passing gaseous Ammonia into water, through a series of bottles; 
its strength is indicated by its density; the most concentrated has sp. gr. 
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of about 0.875; its yalne is best ascertained bj finding the amount of acid 
it will neutralize, as shown by an Alhalimeter; the gas may be expelled hj 
boiling the liquid, eyen at ordinary- temperature the gas is given off; the 
solution has a burning taste, is colourless, very alk^ine, and freezes at 
about— 40®. 

TVsts.— A solution of lime, potash, or soda added to a solntion of Am- 
monia, then heated, will cause the volatile alkali to escape, which may be 
known (1) by smell; (2) by changing red litmus paper to blue; and (3) by 
formation of white fumes of chloride of ammonium. 

44. Ammoniam. Hi N. This compound has never been isolated, 
but appears to exist in all the salts of ammonia. Nitrate of ammonium for 
instance, H4 NO, NOs , contains besides ammonia, an atom of water which 
cannot be removed by heat, without entirely decomposing the salt 

45. Carbon. 

£q., 12; Sp. 6r., as Diamond, about 3.3, as^apour (theoretical) 0.4U6; 
Atomic Vol., I I i 

Oarbon is found nearly pare in nature, as the diamond, and 

less so as black-lead, or graphite and coal. Combined with 

oxygen it occurs in the atmosphere and in the various natural 

carbonates. It also forms the solid part of plants and trees. 

It is obtained artificially as wood-charcoal, by burning wood in 

a closed retort, and as animal charcoal by burning bones in a 

similar manner. 

Diamond — ^This is the purest form of Carbon; most valuable when 
colourless; it is generally yellow or brown; hardest substance known; cut 
by using its own powder; used for cutting glass; non-conductor of electri- 
city ; has beautiful lustre; will bam in oxygen yielding carbonic acid; found 
in India and the Brazils. 

Graphite, Plumbago, or Blaok-Lead.~Sp. Or., 2.35 to 2.16; 
found in Cumberland, Ceylon and United States; in Cumberland met with 
in clay slate; good conductor of electricity; has a metallic appearance; 
gen^rdly contains quartz, iron, and manganese in small quantities; remains 
unaltered in the air, nence used for blacking grates, &c.; used to lubricate 
machinery and for making crucibles ; extensively employed in making lead 
pencils, the best kind being made of pore Graphite; may be obtained pure 
by mixing conmion graphite with chlorate of potassium and heating with 
strong sulphuric ac, then drying and heating the produce to rednesi; *' kiik" 
found on melted iron, when cool, is graphite. 
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Wood Oharooal is another form of Carbon; prepared bj bnmiiig 
wood in a retort or in a heap ooyered with earth; d^ wood yields moR 
charcoal than green ; need for gunpowder, fuel, &c. ; it is antiseptic ; vemores 
nozions gases from decomposing animal or Tegetable matter; made from 
boxwood it will absorb 90 tmies its yoL of Ammonia; remores colour from 
liqoid. 

Bone Blaok, or Animal Oharooal.— Got by heating bones oi 
other animal matter in a retort; decolorizes liquids more readily than wood- 
charcoal, hence most commonly employed in clarifying sugar, &:c.; remores 
colour most perfectly when reduced to finest powder, and is slighUy acid or 
neutral; the deodorising power of charcoal is thought by some to arise from 
the ozidatioa of iti particles. 

Ooke and Lamp Blaok are Carbon; the former is obtained by 
Imming coal in a retort, and the latter is the collected soot from the com- 
bustion of resin, tallow, oil, ttc 

46. OarboniO Oxide, CO ; £q., 28 ; Sp. Or., 0.967 ; Atomic and 
Mol. Vol. Oil- — This is a colourless and inodorous gas ; has little smell ; 
bums witb a blue flame ; has not been liquified 3 highly poisonous, eren 
mixed with a large proportion of air ; does not support combustion ; is 
neutral to test paper ; does not form salts with any acids ; slightly soluble 
in water ; potassium heated to 176° absorbs the gas, formiug COK ; its 
composition shown by exploding 20 parts of CO with 20 of O in a endi- 
ometer,which yields 20 parts of carbonic anhydride(COs) and 10 of oxygen; 
when shaken with a hydrochloric solution of tbu subchloride ol copper, 
CU] CI3, it is gradually absorbed ; it unites with chlorine, formiug phos- 
genty or chloro-carbouic acid ; considered a compound radicle, forming 
several organic substances. 

Pr^poraftofu.— I. — ^By heating to a red heat in a gun baiTel, equal 
weights of ground chalk and iron or zinc filings. 

CaCOa + Fe = CaO -f FeO + CO. 
2.— By heating half-an-ounce of yellow prussiate of potash with 4 to 
5 OES. oil of Titriol : this yields more than a gallon of pure gas. 
E4 Fe CeNa -f 6 H3O + 6 Ha S04 = 6CO + 2K3 SO4 + Fe SOi 
+ 3((H|N),S04). 
.3. — ^By adding oil of vitriol to a formiate. 

2Na CHOa -f HjSO* = 2 CO + Na, SO4 + aHjO. 
4.— By heating oxalic acid with 6 to 6 times its weight of oil of 
vitriol. 

H,C,04 = H,0-f CO + COj. 

TesU. — Bums with pale blue flame, producing carbonic anhydride ; 
not soluble in water, but is so in a hydrochloric solution of sub-chloride of 
copper. 
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47. Carbonic Anhydride, Carbonic Dioxide, or 
Carbonic Acid. 

Syni., CDs ; Eq. 44 ; 8p. Or., 1*529 ; Atomic and Mol. VoL iTj- 

This is a poisonons and heavy gas. It is fre» in the atmo- 
sphere, being exhaled by all animals, and given off in the 
combustion of coal, wood, <&c., and in the various processes of 
decay. It is easily obtained by adding almost any acid to a 
carbonate of lime, soda, &c. The reaction is shown by this 
equation, when the carbonate of lime (chalk) and hydrochloric 
acid are used : — 

Ca CO3 + 2 Ha = Ca a, + H, O + COg ; or, 
Ca O, CO, + H a = Ca CI 4- HO + CO,. 

This gas has a somewhat add smeU and taste ; it is nnaltered by 
heat ; electricity decomposes it ; cold water dissolves its own vol. of the 
gas ; 100 cu. in. weigh 47.303 grs. ; neither combnstible nor a supporter 
of combustion ; it is given off in the respiration of animals ; if above 3 or 
4 per cent, in the air it is rendered poisonons, hence the necessity for ven- 
tilation in rooms ; escapes from fermenting bodies, volcanoes, and ordi- 
nary fires ; is a feeble acid, reddening litmns only for a short time ; forced 
into water by suitable apparatus in tide manufacture of sodtp-water ; fbund 
in most natural water, giving it an agreeable taste ; issues from the earth 
in the Grotto del Cane at Naples ; in the Upas Valley in Java, &c ; may 
be used for killing insects for preservation ; supplies carbon to plants ; 
used for extinguishing extensive fires in mines ; liquified by a pressure of 
28 atmospheres. 

Liquid Oarbonio Aoid is without colour ; does not mix with 
water, but readily unites with alcohol, ether, oil of turpentine, &c. ; has 
Sp. 6r. of 0*838 at 32^; more expansible than air. 

Solid Oarbonio Aoid may be got by allowing a stream of liquid 
carbonic anhydride to pass into the air ; the solid acid melts at -TC* ; pro- 
duces a sensation of burning when touched ; readily freezes mercury. 

TesU — Lime- water becomes milky when carbonic anhydride is passed 
into it. 
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48, Carbonates. 

Grenerall/ di-basic ; alkalies take up a seoond eqaivalent of carbonic acid ; 
excepting carbonates of the alkalies, insolable in water ; all carbonates 
are dissolved hj nitric acid giving off the carbonic acid ; most of the 
carbonates are decomposed by continued ignition. 

Carbonate of Potassium E2 CO3. H3 0. 

Carbonate of Sodium Naa CO3. 10 H2 O. 

Acid Garb, (bicarbonate) of Potas6inm..E H COa. 
Aoid Carb. (bicarbonate) of Sodinm. ...Na U COs- 

Trona (sesquicarb. sodium) 2 Na^ CO31 H3CO8. 3HsO. 

Besquicarb. of Ammonium 2(H4N)3 CO3. GOs. 

Carbonate of Barium Ba CO3. 1 

Carbonate of Calcium Ca COg. I 

Carbonate of Magnesium Mg CO3. 1 

Dolomite Mg Ca 2CO3. 

Baryto Calcite Ba Ca 2CO3. 

Malachite Cu COj, Cu Hj Oa- 

Blue Carbonate of Copper 2Ca CO3, Ca H2 Ot. 

49. Light Carburetted Hydrogen, Marsh Gas, 
Methyl Hydride, Subcarburetted Hydrogen, 
or Fire-Damp. 

Sym., CH4 ; Mol. Vol., [T . ; Sp. Gr., 0*5576 ; Eq., 16. 

This is an inodorous, colourless, and tasteless gas, which 
escapes natnmUy in coal mines. It is known by miners as 
fire-damp. It explodes violently when a light is applied to a 
mixture of it with 8 or 10 times its bulk of air, or twice its 
bulk of oxygen. It may be prepared by heating in a flask 
coated with fire-clay, 101 hydrate of barium, and lOJ anhydrous 
acetate of sodium. 

2 Na C2 H3 02 + BaO, H2O z= Ba CO^ + Na^ COa + 2 CH*. 
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This gfts is a nentral body ; does not form compoimdi with Midt or 
bases ; barns with a yellow flame, b«t does not support combnstion ; may 
be decomposed by electric sparks, or by passing it through heated tabes ; 
forms with olefiant gas the most important portion of coal gas ; not 
poisonoos s 100 en. in. weigh 17*41 grains ; chlorine mixed with it pro- 
duces np change in the dark, but in the light with moisture they yield 
carbonic anhydride and hydrochloric acid ; the composition is shewn by 
burning a portion of the gas with twice its volume of oxygen, which yields 
one volume of carbonic anhydride and a small quantity of water { requires 
a white heat to inflame it ; does not explode with less than 4 times or 
more than 16 times its volume of air. The explosion of this gas in coal 
mines occasions great loss of life. The Davy Lamp is designed to pre- 
vent such explosions ; it consists of an oil lamp Burronnded by wire gause, 
having from 600 ro 800 openings in the square inch. The gauze of the 
lamp prevents the flame from igniting the explosive mixture of air and 
marsh gas outside the lamp. 

Other Preparatioiu. — 2. May be collected frpm stagnant water by 
inverting a jar and stirring the water. 

3. Obtained from coal by destructive distillation. 

TetU.-^Bwms with yellowish flame ; not dissolTed by fuming sul- 
phuric acid ; not acted on when mixed with chlorine over water, if light 
is excluded. 



50, Olefiant Gas, Heavy Carburetted Hydrogen, 
Ethylene or ElayL 

Sym.,C2 H4 J Sp. Gr., 0-9784 ; Mol. Vol., |XI ; Eq., 28. 

This is a gas which bums with a bright flame, and h«iioe 
forms an important constituent of coal gas. It has no colour, 
but a faint ethereal smell. It is given off abundantly with 
other gases when coal is distilled. It is obtained tolerably 
pure on a small scale by heating in a large flask, a mixture of 
2 measures of strong oil of vitriol with 1 measure of alcohol. 

Alcohol. Oil of Vitriol. Ethylflulphuric Acid. Water. 

CjHaO + H2SO4 = HQiHsSO* + Hj O. 
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Then by heat— 

HCjHbSOi = H,S04 + C2H4. 

This gas is soluble in 12 times its Tolame of cold water ; it does not 
support combustion or respiration ; has been liquified bj pressure of 40 
atmospheres ; has not been solidified ; a red heat or electricity decomposes 
it, yielding carbon and light carburetted hydrogen ; explodes powerfully if 
mixed with three times its volume of oxygen, and lighted ; the composi- 
tion of the gas is thus shewn ; mixed with an equal volume of chlorine it 
forms a liquid having a sweetish taste and oily appeoranee, and known 
as Dutch Liquid. 

Liquid Olefiaat Gkis is colourless, and dissolves oils, resins, &c. 

Tests.— Forms with chlorine, Dutch Liquid ; absorbed by nordhansen 
acid ; bums with bright flame. 

61. DutolL Liquid (C4 Hg CI, H CI) or C, H4 CI2. 

Bq., 99 J Sp. Gr., 1-28 at 32*^ ; Com. Vol., JXl- 

This liquid has an agreeable smell ; colourless ; not soluble in Water, 
but readily so in ether and alcohol ; boils at 180« ; bums with a greenish 
light 

52. Manufacture of Coal Gas. 

Coal gas consifits chiefly of Heavy and Light Carburetted 
Hydrogen ; it also contains Hydrogen, Carbonic Oxide, Nitro- 
gen, Carbonic Acid, Sulphuretted Hydrogen, and Ammonia, 
all of which, excepting hydrogen, are impurities, and are to a 
great extent remoyed. In its manufacture, Lancashire cannel, 
Scotch parrot^ or Newcastle coal are most used. One ton of 
the last-named yields 9250 cu. ft, of gas, having Sp. Gr. 
0'410. The coal is distilled in iron or clay retorts ; from 
these the gas and tarry vapour are conducted into the 
hydraulic main, and thence to the condensers, depositing in 
both, tar, ammonia, water, &c. After this the gas is purified 
by passing through layers of lime or oxide of iron and saw- 
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dust, remoYing carbonic acid, sulphuretted hydrogen, cyano- 
gen, &c. Ammonia is lastly removed by conducting the gas 
through oil of vitriol. Instead of the last process, a scrubber 
is sometimes used, by which the gas is washed in passing 
through a tower of stones within a cylinder. The gas is 
stored in gasometers ; the tar is collected fiom the condensers 
in wells. Aniline colours and naphtha are obtained from the 
tar, and sal ammoniac from the ammmiacal liquor. The illu- 
minating power of coal gas is generally determined by burning 
a sperm candle at the rate of 120 grains a minute, and 5 cubic 
feet of gas per hour, then comparing the results. Oas, for 
instance, from cannel, is about equal to 34, and from coal to 
18 candles, 

53. Combustion. 

Bodies are said to bo in a state of combustion, when, in con- 
sequence of rapid chemical action, light and heat are given off. 
When a candle is burnt, the hydro-carbons of the wax or 
tallow are rapidly united with the oxygen of the au*, to sup- 
port the flame. The flame of a candle contains three zones .•— - 
1st, the dark zone or area around the wick, where the gas is 
unbumt; 2nd, the bright zone surrounding the former, where 
the gas is partially consumed ; and 3rd, the zone of complete 
combustion, which is outside that. The flame produced by a 
blou)pvpe contains two zones or areas — the outer or oxidizing 
flame, and the inner or reducing flame. Many substances, 
as for instance charcoal, when finely divided, absorb and 
condense the air within their pores, producing oxidation and 
increase of temperature, which if continued, results in Spon- 
taneous Combustion. Spongy platinum possesses this power 
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in ft high degree. Phosphorns exposed to air slowly oxidises, 
ftimishing an example of Slow Combustion. Oxygen, nitrons 
oxide, &c. are called supporters of combustion^ becanse other 
bodies will bnm in an atmosphere of these gases. In the 
BunserCs gas-fiame^ the gas is completely burnt by allowing 
ah* to mix with it through small openings at the bottom of 
the burner. 

54, Chlorine. 

Bym., CI J Eq., 85-6 ; Sp. Gr., 247 ; Atom. Vol., D. 

This is a heavy and greenish-yellow gas. It has a very 
suffocating smell, and produces considerable irritation of the 
air passages, even when greatly diluted with air. It may be 
condensed to a yellow liquid by a pressure of 4 atmospheres 
at 60^ (F). Water absorbs twice its bulk of this gas. It is 
extensively used for bleaching, and as a disinfectant. The 
gas is found very abundantly in nature combined with 
sodium, forming common salt, or chloride of sodium. It is 
commonly obtained from hydrochloric acid, by heating it with 
oxide of manganese. 

Mn Da + 4H CI = Mn CI2 + 2H2O + Clj. 

Half a pint of acid diluted with 8 ozs. of water, and added 
to 3 ozs. of manganese, yields over 3 gallons of gas. 

Second Method of Preparation, — Four parts common salt aro well 
mixed witii 8 parts oxide of Manganese ; then 10| parts sulpharic acid are 
added, being dilated with 7 parts of water. The gas escapes freely on 
applying a gentle heat. 

Mn O3 + 2 Na CI + 3Hj SO4 = Mn S04 + 2 Na H SO4 
+ 2H2O + CI2. 

This gas enters largely into the composition of many minerals, and 
occnra with other substances in sea<water ; 100 en. in. weigh over 77 
grains. The gas does not condnct electricity ; it acts powerfully on 
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mercury ; forms with water a definite hydrate (CI + SH^O). The hydrate 
crystallises at 32°. The gas is not combustible. Phosphorus, powdered 
antimony, and arsenic, with bodies rich in hydrogen, as ammonia and oil 
of turpentine, burn spontaneously in the gas . Breathed in small quan- 
tities, it produces sneezing and coughing ; if inhaled pure, causes imme- 
diate death ; combines with hydrogen of yegetable colours, and thus 
destroys them, hence the use of the gas in bleaching. If water is present 
with Chlorine, colour is thought by some to be removed, by the hydtogen 
uniting with CI. and setting free the oxygen to act on colouring matter. 
A powerful disinfectant. 

Uses, — Bleaching cotton, linen, &c. ; as a disinfectant \ in prepara- 
tion of chlorate of potassium and red prussiate of potassium. 

7*es^«.— Peculiar smell and bleaching properties ; white precipitate 
with nitrate of silver. 

55. Chlorides. 

Chlorine unites with all other elements forming Chlorides ; 

all except chlorides of silver and snbchlorides of mercury and 

copper are soluble in water. Chlorine, like oxygen, sometimes 

unites with the same metal in two or more proportions, as 

platinous and platinic chlorides. 

Chloride of Potassium ECl. Chloride of Sodium Na CI. 

„ Ammonium H^NCl. „ Barium ...Ba CIj, 2H,0. 

„ Strontium. ...SrClgGHgO. „ Calcium . .Ca CI2, 6H2O 
„ Magnesium MgClaSHgO. „ Alimiinum Alj Cl«. 

Chromoas Chloride Cr CL,. Manganous Chloride Mn Clg 4H3O. 

Chromic Chloride Cr^ Clg. Manganic Chloride Mdj CI^. 

Oxychloride of Manganese MogCly. Chloride of Nickel Ni CIj^. 

Ferrous Chloride !Fe Clj. „ Cobalt , Co CIj. 

Perchlorideoflron Pcg Clg. „ Zinc Zn CIj. 

Cupreous Chloride Cu2 Clg. Terchloride of Antimony Sb Cfs. 

Gupric „ Cu CI2. Pentachloride „ Sb Cls. 

Terchloride of Bismuth Bi CI3. Chloride of Gold An CI. 

Stannous Chloride Sn cK Ter or Trichloride of Gold, Au Cls. 

Stannic „ .....Sn CI4. Chloride of Silver Ag CL 

Mercurous Chloride, or Calomel, Hg CI. 

Mercuric Chloride, or Corrosive Sublimate, Hg Clj. 

Platinous Chloride, Pt CI2. Platinic, or Tetrachloride, Pt CI*. 
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^6» Hydrochloric or Muriatic Acid. 

Sym., HCa ; Eq., 36*5 ; Sp. Gr., 1*247 ; Atom, and Mol. Vol., Q^I* 

This is a colourless gas, which forms dense fdmes in damp 
air. It is neither combustible nor a supporter of combustion. 
It does not bleach, but reddens yegetable blues. It may be 
liquified by a pressure of 40 atmospheres at 60^, yielding a 
colourless liquid. It may be obtained by exposing to sunlight 
equal volumes of chlorine and hydrogen. It is, however, 
more readily prepared by heating common salt and sulphuric 
add in a flask. 

Na CI + H, SO4 = H CI + Na H SO4. 
It must be collected over mercury or by displacement. 

57, Solution of Hydrochloric Acid. 

When gaseous hydrochloric acid is passed into water at 40*", 
the water absorbs 480 times its bulk of the gas. A solution 
of the gas thus obtained is called Hydrochloric Add, Muriatic 
Add^ or Spirit of Salt The commercial acid generally contains 
a variety of impurities, as chlorine, sulphur, chloride of iron, 
&c. When quite pure, it is colourless. It fumes in the air, 
and the gas is rapidly piven off when the liquid is heated. 
The strongest acid has a Sp. Gr. of 1*203, and contains 1 atom 
of real acid to 6 atoms of water. It freezes at — 60'^, and 
boils at 112^ (F). It is an irritant poison, and its vapours are 
injurious to vegetation. The acid is a waste product in the 
manufacture of carbonate of sodium. 



With hydratfi of soda^ ^ numoequtvalBnt : 

Na HO + H CI = Na a + H,0. 
With Baiyta, a biequivalent : 

Ba + 2H a = Ba CI, + B^O. 

With Sesqnioxide of Iron : 

With Binozide of Manganese : 

Mn O3 + 4H Ci = Mn CI. + SH3O -f- CL^. 

Uses, — Used in mannfactnre of bleaching powder and of glue ; also 
for preparation of chlorides, and of obtaining solations of metaU. 

7<s<^— Gives f^ wiipto cur^jr pp. witl» nitrate of silver. 

68. Aqjm, R9£ria, Ifitrp-Mariatio Aoid, or Niiro-Hjrdro- 
olilorio Aoid.— This is obtained bj mixing 3 parts of hjdrochlonc aetd 
with 1 of nitric acid. These acids decompose each otiier, and yield fiqut; 
free chlorine, and mddjr fames known as chhro-nitric gas (NO CP), and 
afterwards chloro-nitroua gas (NO CI), which is of a deep orange-red 
coloar. When aqoa regia is used as a solvent, the nascent dbjorine dis- 
solves the metal, and combines with it The following equation illjist^tef 
the reaction : — 

6 M + N3 O5 + 6H a = 6M CI + Na O, + 3Ha O . 

60. HypooUorons Anhydride, or Hypoohteous OadfAB, 

Sym., ClaO ; Sp. Gr. 2977 ; Mol. Vol. IJJ .—This is ayeUow gas,having 
a very strong and penetrating smell ; water absorbs 200 times its volume 
of the gas, forming hypochlorous acid (H CIO) ; the solution has odour of 
the gas, and powerful bleaching properties. The gas explodes in contact 
with combustible bodies, yielding two vols, of chlorine and one of oxygen. 
As a bleacher more effective than chlorine ; may be condensed to led 
liqaid^which boils at 19<* by passing the gas into a U tube at -4? temperar 
ture ; with bases fornoa Hypochlorites. The gas is prepared by passing 
dry chlorine through a tube containing well-dried oxide of mercury. The 
gas may be condensed as it is produced, by surrounding the receiver witk 
a freezing mixtnre. 

BgO + «C1, = % Cls + ClsO. 
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60. Oypoohlorous Aoid (H aO) ; fiq.» 52*5.— This maj be 
obtained bj shaking 1 part red oxide of mercniy with 12 parts water, in a 
Urge bottle of chlorine. 

HjO + 3 Hg + 2 CI, = 2HgO, HgCl, + 2HaO. 

This acidi oombined with lime, forms the important bleaching ctgentf 
Chloride of Lime. 

6 1. Bleaching. 

Calico and some other fabrics are bleached by the nse of 
the Chloride of Lime. This compomid is prepared by passing 
chlorine gas through layers of moistened lime on perforated 
shelves. This is supposed to*be the reaction : — 

2 Ca HjOj + 2 Cla = 2 Hj + Ca Clj + Ca 2 aO. 

The following are the processes in bleaching cotton: — 1, 
Boiling, bucking, or lowhing, with milk of lime. 2, Washing 
with water. 3, Souring in hydrochloric acid, removing lime 
soaps formed by first operation. 4, Washing to remove excess 
of acid. 5, Bucking with solution of soda-ash and resin. 

6, Washing and immersing in chlorine-bath, or cJmnicking, 

7, Souring in hydrochloric or sulphuric acid. The chloride 
of lime which adheres to the fabric in the 6th operation is 
decomposed by the acid in the 7th process, which sets free the 
chlorine to act on the fibres of the cloth. 

62. Chlorous Anhydride, OjOa ; Sp. Gr., 2646 ; Mol. Vol., 

M_j_|. — This is a gas of a dark yellowish green colour ; has a penetrating 
smell ; powerful bleacher ; may be condensed to a red liquid ; water dis- 
solves six times its volume, forming a yellow solution ; explodes when 
heated to ISS*", and is decomposed into chlorine and oxygen ; carbonic 
anhydride expels it from its compounds. It is prepared by deoxidising 
Chloric Acid with Arsenious Acid ; 3 parts Arsenious Acid are made into 
apaste with 4 parts of Chlorate of Potassium and Water ; 16 parts Nitric 
Acid are added ; gentle heat applied ; collected by displacement. 

Ha As 03 + H NO' = Hs As O4 + H NOj, then 
2H NO2 + 2 K CI 08 = 2K N08 + CUO^ + HjO. 
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63. Ohlorous Aold (HCIO2) has bleachmg propertiefl; it forms 
Monobasic Salts called OJjioriteB, 

64. Peroxide of dhlorine, ClOs ; Sp. Gr. 2*322 ; MoL Vol. 

I \ I.— This is a jellow gas ; slightly aromatic smell ; water dissolyes 
abont 20 times its balk of the gas ; the solntion bleaches readilj ; redaced 
to jed liquid at — 4^ ; light, heat, or electricity easily decomposes the gasi 
explodes in contact with snlphor or phosphoras ; this may be shewn by 
placing a few grains of chlorate of potassium and a little phosphoms at the 
bottom of a test glass, then coyeriug with water and pouring through a 
tube, oil of vitriol. To prepare it, chlorate of potassium wiSi two-thirds 
its weight of oil of vitriol, are made into a paste, and gentiy heated. 

3K Cr Os + 2Hj SO4 = 2C1 Oj + K CI O4 + 2KH SO4 + H,0. 

66. Ohlorio Aoid, or Hydric OMorate (H CI O^).— Has not 
been obtained anhydrous ; the concentrated solution is very add ; has an 
oily appearance and strong smell ; paper ignites when put into it $ decom- 
posed above 104° ; not decomposed by lig^ht. This acid is ol^tained by 
passing a current of chlorine through a solution of caustic potash. 

3CI2 + 6K HO = 5K a+ K CI 08 + 8 H? 0. 
The acid is afterwards set free by adding hydrofluosilicic acid to the 
chlorate of potassium. 

2K CI 08 + Ha Si Fe = 2H CI O3 + Kj Si Fe. 

Te«te.— Solution of chlorate, coloured with sulphuric acid solution of 
indigo, then sulphuric acid, and a few drops of sulphite of soda added, the 
blue colour disappears. By heating chlorates with hydrochloric acid, 
Euchlorine is given off— a greenish yellow gas. 

66, Chlorates. 

Chlorates are decomposed by concentrated sulphuric acid, and chlorine 
and oxygen are given off; a grain or two of chlorate of potassium with 
the same weight of sugar takes fire on adding oil of vitriol; they are soluble 
in water; decomposed by heat; produce scintillation when thrown on fire. 
Chlorate of Potassium. K CI O3 Chlorate of Calcium, Ca CIO3 + Ha O. 
\ ■ „ Barium, Ba CIO3 „ Nickel, Ni CIO3 + SHj O. 

„ Cobalt, Co CIO3 + 3H3 O. „ Copper, Cu CIO3 + SHa 0. 

„ Lead, 2Pb CIO3 4- Ha O. „ Lithium, 2Li CIO3 -f Ha 0. 

„ Silver, Ag ClOs „ Sodium, Na CIO3 

„ Strontium, Sr aOs „ Zinc, Zq ClOs + 3Ha 0. 

„ Magnesium, Mg ClOs + SHs 0. 
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mf, rmMoriQ Add or Hydrio FerolUovBtA, H CIO4 ; Sp. 
Gr. of fiqnid 1.782. This )8 a colourless liquid; it remains liq«id at — *^1^( 
it is one of the most powerful oxidising agents known; when concentrated 
it tales ki the air; has an oily appearance; boils at 392®; distilled carefiolly 
with Sol^harie Acid, a portion of the Acid distils over, forming crystals; 
haf BOft bleaehiog pzopcarties; has strong affinity for bases. The Perchlor- 
aicf am all solaMe; aU are decomposed by heat, giying off Oxygen; they 
explode vheft thrown on bnming charcoal. This liquid is prepared by 
expeUing one-third oxygen from chlorate of potassium by heating it; 
p«refa)oimte ^ potasanm is formed and separated from undecomposed 
chleimte, by adding hydrodiloric acid ; one part perchlorate is afterwards 
distUled iritli four parts oil of vitriol. 

2K ClOa = K ClOj + K CIO4 

68. Chloride of Nitrogen. Sym. H ChN, Clg N ? Sp. Gr. of 
L^nid t.6SS. This is an oily, yellow liquid; yolatilises rapidly in air; 
penetrating odov; explodes when heated tu between 200° and 212°,or when 
brought in contact, at common temperature, with fats, fatty oils, phosphorus^ 
and the aUcaUes; does not explode with resins, strong acids, metallic bodies, 
or sugar; one of the most dangerous compounds known. It may be pre- 
pared (1) by suspending a small piece of sal ammoniac in hypocblorous 
acid or; (2) by inverting a Jar of chlorine, free from grease, ovpt a solution 
of sal ammoniac or; (3) by passing gaseous ammonia into a jar of chlorine. 

69. Aoetylene Chloride of Carbon.— C2CI2. Obtained from 
elkyleoeHefalmde by passing it sevei'al times through a red-hot tube. It 
fbnns fiilky oyatals, is soluble in ether, and burns in air with red smoky 



70. Ethylene Chlorldejof Carbon— C2CI4 ; Sp. Gr. of Liquid 
1.5; of Vapour 5.8 ; Mol. Vol. | I 1. This is a colourless liquid, having 
a pleasant smell; is obtained from Faraday's chloride by subliming i( 
repeatedly through a tube, containing pieces of glass, and heated to redness. 

7t Faraday's Chloride of Carbon— CjCle ; Sp. Or., of Solid 
2.0^ of Vapour 8.15^; Md. Vol. (Tj* A solid crystalline substance, 
having a sweU pf camphor; it dissolves in ether, alcohol, and in the fixed 
and volatile oijs. It may be obtained by acting upon Dutch liquid with 
chlorine, exposed to the sufi's rays; boiling point, 360**. 

7^. Tejbfaohloride of Carbon C CU 5 Sp. Gr. of Liquid 1.59; of 
Vflponr Si.Bi Mol. Vol. \T1, This is a liquid without colour and insoluble 
in water, biit soluble m alcohol and ether; at —9° it becomes a crystalline 
solid; boils at 172^. Obtained by passing a mixture of chlorine and 
bisiApli&deofeaHKHi through a red-hot porcelain tube. May also begot 
by the action of excess of chlorine upon chlorafom. 
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73. Oxyohloride of Oarbon, OUorooavteiile A^id or 

Phosgene Gas, 00 da ; Sp. Gr. 3.68; Moh VoL CD. Thk is « 
snffocaticg gas, which is got by exposing to the sun's rays eqiuil TolaoMi 
of carbonic oxide and chlorine. These gases combine and ftvt condeBsed 
into half their volnme. 



74. Bromine. 

Br. = 80; »p. Gr., 5.54 (of Vapotur), 3.187 (of LiqnM at ««*). 

Atom. VoL of Vaponr Q. 

This is a heavy and brownish-red liquid. It is remarkably 
volatile, giving off a dense red raponl' similar to peroxide of 
nitrogen in appearance. It has a similar smell to chlorine, 
and when inhaled is very poisonous. It bleaches many colours. 
It was discovered by Balard in 1826. It is obtained from some 
saline springs, but generally from sea water, which contains 
from one-third of a grain to one grain of Bromide of Magnesium 
per gallon. After all the crystallizable salta are removed, 
chlorine is passed through the mother liquor, which dedompOWfi 
the Bromide. 

Mg Brj + CI3 = Mg CI2 + Brj 

Ether is added to the solution which takes up the Btt)ml|i^, 
and the ethereal solution is decanted and shaken with solution 
of potash. 

3Br2 + 6KH0 =:K BrOa + SK.Bf + 8Hj O. 

The liquid is evaporated to dryness, and the solid bromate is 
then decomposed by ignition, and afterwards distilled with 
binoxide of manganese and oil of vitriol. 

2K Br + MnOa + 2H11 SO* = Ks SO4 + MnSO* -f 2^(2 + 6f2 
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Thii liqnid difliolTes readflj in alcohol and ether, and sli^^hiJy in water; 
produces aores when dropped on the hand; when swallowed is a powerfnl 
poison; the raponr irritates the nose ; forms with water a hydrate 
(Br. 5H2 0); becomes a yellowish-brown and brittle solid at 9^5; forms 
Bromidii with the metals; boils at 145''.4 F. 

TiMU^ — ^With nitrate of silver a yellowish white precipitate is given 
by lolntions of Bromides or Hydrobromic Acid; the pp. isinsolnble in cM 
nitric acid, and nearly so in ammonia. A yellow colour is g^ren with 
nitric acid and starch paste. 

Bromides.— They are all solid at ordinary temperatnre; ore for most 

Sart fused at a moderate heat; genenUljr soluble in water; all decomposed 
y chlorine; yield red vapours of bromme when heated with blade oxide of 
manganese and oil of vitriol. 

75. BromlO Aold (H Br Os).— This acid is similar in cpmpositioii 
to chloric acid. It is prepared fh>m the bromate of potassium, in the 
same manner as chloric acid is prepared (par. 65). Bromate of potassium 
is got by acting on a solution of caustic potash by bromine. This acid 
reddens litmus, and afterwards destroys ike colour ; all the known salts 
are monobasic. 

76. Bromates, when heated to redness, either give off their oxygen 
and leave bromides, or they give off bromine and part of their oxygen, and 
leave oxides ; many of them are decomposed when their solutions are 
heated ; solid bromates heated with sulphuric acid give off bromine and 
oxygen. 

77. Hvdrobromio Aold, Bromide of Hydrogen, or Brom- 
hydrio Aoid, H Br ; Sp. Gr., 2-73 5 Mol. Vol., |X|— This is a colour- 
loss, pungent, and acid gas ; is not inflammable ; extinguishes flame ; 
irritates the lungs ; has been liquified at -92^, and solidified at -lOQo ; is 
very soluble in water ; the solution having Sp. Gr. of 1'486 contains 47 
per cent, anhydrous add ; acts like HCl upon metallic oxides, forming 
bromides of the metals. 

Ex.-K HO + HBr = KBr + Hj 0. 

This acid may be prepared (1) by the action of water on tribiomide of 
phosphorus :— 

PBrs + SHjG = Ha POs + SHBr. 

2. By decomposing bromide of sodium or potassium with strong 
Bulphturic acid. 

2 NaBr + Hj SO4 = Nas SO4 + 2H Br. 
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78. Iodine. 

Sym., I = 127 ; Sp. Gr., Vapour 8-716, of Solid 4947. Atom. Vol Q j 
Meltiog Point, 225'* ; Boiling Point, 347*', 

This element exists in small qnantities in sea-water. It is 
obtained from Kelp, the ash of marine plants which have 
absorbed it. The ash is dissolved by pouring on it boiling 
water ; the solution is then evaporated when the carbonate 
and sulphate of sodium, chloride of potassium, &c. are sepa- 
rated by crystallization ; one-eighth by measure of oil of 
vitriol is now added, and the liquid stands for 24 hours. 
Carbonic anhydride, sulphuretted hydrogen, and sulphurous 
anhydride escape, whilst sulphate of sodium crystallizes. The 
liquid is afterwards distilled in a leaden retort with oxide of 
manganese : — 

2Na I + Mn Oa + 2Ha SO4 1= Naa SO4 + Mn SO4 + 2H, + 1,. 

By this process iodine is furnished as bluish-black scales, like 
black-lead. It stains the skin yellow. When heated it giv^s 
off a dense purple vapour* In large doses it is a strong poison. 

Iodine as crystals is octohedron with rhombic base ; is a non-condnctor 
of electricity ; volatile at ordinary temperature giving off smell of chlorine; 
it is soft and brittle ; in small quantities a very useful medicine for 
swellings of the glands ; has an acrid taste ; fuses at 224^.6, and boils at 
347*», forming a beautiful purple vapour ; dissolves very slightly in water; 
is dissolved Ireely in alcohol, ether, &c. ; unites readily with metals form- 
ing iodides. 

T6«t.— -Iodine gives a deep blue colour with starch, and stains the skin 
yellow. 

79. Iodides.— The Iodides are decomposed by chlorine, bromine, 
nitrous acid, and strong nitric acid setting free iodine ; they are in general 
readily dissolved by water ; the biniodide of mercury, having a bright 
scarlet colour, is obtained by adding corrosive sublimate to a solution of an 
iodide ; most iodides, when heated in air, are oxidised. 
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80. lodlo Anhydride, Is O5.— This U got by heating Iodic Add. 

81. Iodic Aoid, HI0s.—Thi8 is a white crystalline body ; is rerj 
uAttblt in water, and slightly so In alcohol ; the hydrate yields tbe anhy- 
dride when heated to 838** } when melted is redaesed to oxygen and iodine; 
heated to 700^ with combostible bodies, it gives up its oxygen ; is decom- 
posed by sniphnretted hydrogen, hydrochloric acid, &c. ; fomis crystalline 
eompoiuids with nitric and snlphnrio adds ; its solution has « sour and 
astrineent taste ; the lodates contain one, two, or three atoms of acid to 
one of base ; are decomposed into Iodides by application of heat. Tbe 
add li pfepared generally by suspending 1 or 2 oanees of powdered 
iodine in aponnd of water 1 dilorine is then passed into the water ontil 
the iodine mssolyes : — 

6H,0 + 5CI| + Ij = la HCI + 2HIO3. ' 

Carbonate of sodium is noir added, and the terchloride of iodine is I 
formed, hence :— | 

5l Cla + 9 Na, COs = 15 Na a + 3 Na IO3 + I3 + » CO,. 
By Adding <^bloride of baritlm, the iodate of barium is obtained^ aiid this j 
is decomposed by sulphuric acid. 

Teit-^Tha add is i6t free by snlphnrons a^id. 

80. Periodic Aoid^ HI04.--This is prepared in the form of colour- 
less crystals, which dissolve quickly in moist air ; the crystals contain two 
atdms of water (fl IO4 2H2O) j by application of heat the water is given 
eSi leavln/y periodic anhydride $ tbe acid dissolves easily in water, bat 
sparingly in alcohol and ether ; it gives a precipitate with nitrate of 
silver ; it is decomposed by sulphuretted hydrogen. This compound is 
prepared by passing chlorine thtou^h a solution of 3 equivalents Of Caustic 
soda and 1 equivalent iodate of sodium : — 

8 Na lOs + 6 Na HO + 8 Clj = Naj 0, 2 Na IO4 + 4 Na CI + SH, O. 

The ^eriodate of Soda, thus obtained, is dissolved in nitric acid and 
ip. by nitrate of silver, giving periodate of silver. Thid salt is decomposed 
y water into insoluble basic periodate of silver and free periodic acid in 

eo^tttitm. The Pettodates genomiiy are but slighUy solable in water, 

but dissolve readily in dilute nitric add. 

83. Hydriodio Aoid, HI. Sp. Gr., 4-443 ; Mol. Vol., HEl — 
'tins as k gas is acid, colourless, and suflbcatiog, resembling HCI ; neither 
combustible nor supports combustion ; futbes in the iiir ; by strong pres- 
fitire rediiced to ydlow liquid, which . solidifies at —60* ; wktet d&solves 
i\ie gas £reeiy ; a sohiiion is pbtained by pasiiin^ sulphdretted hydrogen 
through water containing iddine. 



t 



SHs» + 8]4 = 4HI + Ss. 

Thd ^itotigest solatiMi boils ai aboat ZBO'* ; has a Sp. Or. of 1'7 ; and 
contains 2 HI -f 11 H|0 ; it dissolres iodine ; gaseons hydriodio add is 
decomposed hj chlorine and bromiDe, also by passing it with oxygen 
throngh a red-hot tube ; mercory slowly decomposes it ; composition 
aimilar to HCli containiDg I yot iodine, with 1 toI. hydrogen nneondensed. 
To prepare it, ten parts of iodide of potassium, and fire of water, are added 
to 20 of iodine ; one part phosphoras is then gradually dropped in, tod 
beat «p]9lied. 

8 KI + 10 I3 + P* + 16 H3 = 4 K2 HPO4 + 28 HI. 

84. Iodide of Nitrogen, NHIs This is a black powder obtAi&ed by 
placing for half an hour finely powdered iodine in a solution of ammonia. 
This is a dangerously explosive body; friction under water will cause it to 
explode; snlphuretted hydrogen decomposes it. 

85. Fluorine, 

F S3 19. Theoret. Density 1.31; Com. Vol., Q. 

This element has not yet been satisfactorily isolated. The 
following method is said to yield it: — A thin and small glass 
cylinder containing dry fluoride of silver is placed in a tube 
containing iodine; the iodine is heated to expel air; the tube 
is then hermetically sealed, and heated for 21 hours to about 
180^. This gives a colourless gas, which does not attack glass, 
and which caustic potash absorbs, forming fluoride of potassium. 

2KHO+F3 = 2KF + H2 02 

Fluorine combined with calcium forms the mineral fluorspar^ 
and with- sodium and aluminum cr^(?ZiYe (3Na P, AlFj), a 
mineral met with in Greenland. 

86. Hydrofluoric Acid, 

HF = 20; Sp. Gf., Anhydrous Vapour ^ 0.689; Atom. Vol. (T). 

This is a gas, and mdy be got by the action of sulphuric 
acid QufiiMrspar (fluoride of calcium), in a leaden saucer. 
flj SOi + Ca Fj =± 2fiF + Ca SOi 
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The gas may be condensed by passing it into a tnbe anrronnded 
by a freezing mixture of — 4"*. This liquid boik at 60^. It 
acts powerfully on the skin, producing a painful bum. It 
occasions a hissing sound when thrown on water. When 
dilutedit dissolves the metals,excepting mercury, lead, platinum, 
gold, and silver. It has never been frozen. It readily attacks 
silicon in glass, forming the fluoride of silicon, hence its use in 
glass etching. 

CTm.— The liquid acid mixed with six parts of water used for etching 
glass. 

Teit—1\A action on glass. 

87. Fluorides generally fase when heated, and hence the namej^uortWe, 
from ^uo, to flow ; all are decomposed when heaied with oil of yitroil; a 
large number are insolnble in water, and others only slightly so ; glass 
vessels are corroded by solutions of the flaorides; nitrate of silver gives no 
pp. with them. 

88. Sulphur or Brimstone. 

S = 32. Sp. Gr., Solid, 1.98, Vapour 6.617 at 900", and at 1900° 2.2; 
Com. VoL below 1500° i, at 1900°, Q. 

This is a greenish-yellow substance, met with chiefly in 
volcanic districts. It is also found combined with many 
metals forming the sulphides of the metals. It occurs, too, in 
the native sulphates of barium, lime, magnesium, &c. It is 
usually sold as a powder (Flowers of Sulphur), or in sticks 
(Roll Sulphur). It is very inflammable, and bums with a 
blue flame. 

Preparation. — ^The sulphur used in England for most part is brought 
from Sicily ; found abundantly with iron, lead, silver, and zinc, forming 
sulphides of those metals ; found with hydrogen in Harrogate and other 
waters, and is present in plants and animals. £i Sicily, sulphur is extracted 
from the ore by distillation ; earthenware retorts holding 4 to 5 gallons are 
filled with the ore ; these are placed in a long brick furnace ; tho sulphur 
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rises as ayaponr, and passes through an opening at the top of the retort 
into a corresponding retort outside the furnace, and from that into a 
vessel of water ; when sulphur is re-distilled, and the vapour passed into a 
cold chamher, ** Flowers of Sulphur'* are formed. When the chamber is 
heated and the melted sulphur run into cylindrical vessels, ** Boll Sulphur" 
is obtained. Sulphur is sometimes got from iron pyrites, (Fe S2.); this is 
done either by distilling in closed vessels, or by roasting the ore in a heap 
about SO feet square, containing upwards of 2,000 tons, and yielding 20 tons 
of sulphur. This latter operation occupies five or six months. 

Properties. — Sulphur gives off a peculiar smell when rubbed ; has 
two distinct crystalline forms ; one Known as the octohedron with a 
rombic base, the other as the oblique prismatic form. The former kind 
of crystal occurs naturally, also when sulphur separates from a solu* 
tion; the latter when sulphur is melted, partially cooled, and the fluid 
sulphur poured from the centre. Sulphur melts at 239^, becomes a 
yellow liquid between 250<^ and 280^ ; heated between 430° and 480'' it 
has a dark treacly appearance, which is retained for some hours if poured 
into water; between 480° and 792° it becomes again limpid. Sulphur is 
insoluble in water, and without taste ; is a bad conductor of heat; will 
crackle in the warm hand ; an insulator of electricity; soluble in bisulphide 
of carbon; heated to 680^, and rapidly cooled, a black kind of sulphur is 
got ifisoltMe in bisulphide of carbon; unites freely with chlorine, bromine, 
and iodine. Sulphur is in many respects like oxygen. 

Tests, — Sulphur is converted into sulphuric acid, either by fusing with 
potash and nitre, or, if a fluid, by adding fuming nitric acid. It may then 
be precipitated by adding chloride of barium. 

Uses.^-lo. making matches ; manufacture of gunpowder; as medicine; 
bleaching straw, &c., and in manufacture of sulphuric acid. 

89. Sulphides, or Sulphurets. 

Potassium, Frotosulphide. Eg S 

„ Bisulphide -.: E2 Sj 

„ Tersulphide E2 Sg 

„ Tetrasulphide E3 S4 

„ Feotasulphide Ej Ss 

Ammonium, Bisulphide (H4N)8 82 

Calcium, Frotosulphide. Ca S 

„* Fentasulpbide Ca S5 

Cadmium, Sulphide, or Greenockite Cd S 

Iron, Frotosulphide „.^ !Fe S 

„ Bisulphide, or Iron Fyrites Fe S3 
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Iroo, IMsnlphide < « Fe» S 

,, Magaetic Salpkide Fer Ss 

„ Arsenio Sulphide, or MispickeL...Fe S Af, 
Lead, Frotoflalphide, or Galena.*... «.<....Pb 3 

„ Snbsnlphide .«.•«« Pbi S 

Copper, Snbsnlphide 4 Cm 8 

„ Snlphide Co 8 

„ Pyritea ...Cu Fe 8i 

,f Pentasnlphide . .«... Ca S5 

Gold, Bisalphide Aa4 84 

Sodium, Protosalphide Nof 8 

„ Bisulphide Nflg 8f 

„ Tersalphide. Na* 1^ 

„ Tetrasnlphide Na* 84 

„ Pentasnlphide Nai Sj 

BariniD, Snlphide Ba 8 

Kagnesinm, Snlphide Mg 8 

Zinc, Snlphide Zn 8 

Cobalt, Protosnlphide Co 8 

/, Sesqnisnlphide Cof S3 

„ Bisniphide Co Sa 

Nickel, Protosnlphide, or Millerite Ni 8 

Merctirj, Snlphide, or Cinnabar.; HgsS 

MaDganese, Protosnlphide Mn 8 

Tin, Protosnlphide Sa 8 

„ Sesqnisnlphide..; St\2 S3 

„ Bisulphide i Sn 8$ 

Silver, Sulphide Agj S 

„ Ore (Red) 3Ag, S, Sb, S' 

Platinum, Protosnlphide Ft S 

„ Bisniphide Pt S2 

Bismnth, Snlphide Bij S3 



90. Compounds of Sulphur and Oxygen. 

Sulphurous Anhydride <.i.802 = 64 

Sulphuric Anhydride * SO3 = 80 

Sulphurous Acid H3 SO3 = 82 

Sulphuric Acid H3 SO4 = 98 

Hyposnlphnrous Acid H2S3Ht04=132 

Hyposnlphnric Acid, or Dithionic Acid Hj S3 Go z= 162 

Trithionic Add H3 6909 3= 194 

Tetrathionic Acid Ht 84 0« cz 226 

Pentathionic Acid < ^ Hj Ss Os =258 



ji. Sulphurous Anhydride, or Sulphurous Acid. 

SOt B 64 s Kol. VoLy IXi p S Sp. Gr., of Gm, 2*247 ( of 
Liquid, 1-38, at 60<3 I*, 

This gas may be obtained by bnming fiulphur in eir<» 

>27gen. It is, howerer, more commonly prepared by beating 

\ or 3 ounces of ealphnric acid with half-an-onnce of copper 

iumings. The following equation represents the reaction : — 

Cn + 2 H2 SO4 =; Ca SO4 + SOj + 2 Ha O. 

This gas has no colour ; it is neither combustible nor a 
jupporter of combustion ; it is an important bleaching 
igent ; it readily unites with water, forming sulphurous 
icid, H3SO3. 

Salpbaroas anhydride cannot be breathed when strong; has bleaching 
properties, the colours however restored by alkalies and stronger acids; very 
soluble in water, cold water dissolving about 40 times its bulk ; solution tastes 
and smells similar to l^e gas itself, and if exposed to air, absorbs oxygen, 
converting the sulphurous into sulphuric acid ; the solution undergoes no 
change when air is excluded; when sulphurous anhydride and watery 
vapour are jrassed into a yessel oooled below 17^, a hydrate is formed 
(SO2 + 15 H2 O). Sulphurous anhydride may be decomposed by potassium 
or sodium; decomposes chloric, bromic, and iodic acids, forming sulphuric 
acid, and setting free chlorine, &c.; may be condensed into a clear and 
c<^ourless liquid which will dissolve bitumen; at — 105° this iiqnid freezes 
into a transparent solid. 

Other Preparations : — (2) By heating one part sulphur or charcoal 
with 12 parts sulphuric acid. 

C + 2H2 SO4 = 2S0a 4- CO2 + 2H2 O. 

(3). By heating four parts flowers of sulphnr and five black oxide of 
manganese, or black o:(ide of copper. 

S2 + Mn O2 = SO2 + Mn S. 
CTiiM.— Bleaches woollen, silk, and straw goods, by a process of 
deoxidatioD, forming colourleas compounds; used to preserve meat; this 
gas is first produced in manufacture of sulphuric acid; used as an anticldor 
to remoye excess of chlorine in bleached rags. 

Tests. — ^Has smell of sulphur; is absorbed by peroxide of lead, forming 
White «alphate of lead. 
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92. Sulphites. 

Salphnrotis Acid is dibasic, forming two kinds of sulphites, 
viz.: an acid and a neutral sulphite; the sulphites are in many 
cases decomposed by a strong heat; when moist, they unite 
with oxygen of the air. Sulphuric and hydrochloric acids 
decompose them, giving off the sulphurous anhydride. 

Normal Salt M, SOg 

Acid Salt HM SOs 

Doable Salt MM BOg 

Sulphite of Potassiam Eg SOs 

Sulphite of Sodinm Naa SOs • 7H9 O. 

Sulphite of Calcium Ca SOs 

Sulphite of Magnesium Mg SOs 

Add Sulphite of Potassium .KH SO3 

Acid Sulphite of Sodium NaH SOs 4H8 O- 

Sulphite of Barium Ba SOs 

Sulphite of Lead Pb SOs 

Sulphite of Silver Ag3 SOs 

93. Sulphurio Anhydride or Sulphurio Triozide, SOi ; | 
This is obtained by heating Nordhausen Acid in a glass retort, and con- 
densing the fumes in a receiver surrounded by ice; may be also got by 
heating the acid Sulphate of Sodium (NaH SO4) ; it is a white, fibrous, silky 
looking substance; has no acid propeai:ies; may be worked by the fingers 
without burning the skin; fumes in the air and readily absorbs moisture: 
hisses like hot iron when thrown into water; melts at 65^ and boils at 1 10^ 
forming a colourless vapour. 

94. Sulphuric Acid, Oil of Vitriol, or Di-hydric 
Sulphate. 

Sym., H3 SO4 ; Sp. Gr., Concen. 1.846. 

Manufacture: — By burning Sulphur or iron pyrites in a 
furnace, sulphurous anhydride is produced ; this is conducted 
into a large leaden chamber having a wooden Iramework: 
(the chambers vary in size, but generally from 12 to 15 feet 
high, 15 to 20 feet wide, and 150 to 300 feet long;) Nitric 
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Acid vapor is made to accompany the salphnrons anhydride 
by heating nitrate of sodium and oil of yitriol in an iron cup 
within the sulphur furnace; jets of steam are driven into the 
chamber; the bottom of the chamber is covered with water to 
the depth of two or three inches; an opening in the upper part 
of the extremity of the chamber allows the spent gases to 
escape. In this process nitric acid vapour is deoxidised, 
forming the peroxide of nitrogen; this gives off two atoms of 
its oxygen to the sulphurous acid, and thus converts it into 
sulphuric anhydride, and reduces the peroxide of nitrogen to 
nitric oxide; the nitric oxide is afterwards raised to the 
peroxide of nitrogen by its exposure to the air, and then gives 
off two atoms more of oxygen to the sulphurous anhydride 
vapour, and thus the reaction is repeated, the nitric oxide 
serving as a carrier Oil oxygen ; thus with a very little nitre a 
large quantity of sulphuric acid can be prepai'ed. 

SOj + Hj + Nj O3 = H2 SO4 + Na O2 

The water at the bottom of the chambers absorbs the anhydrous 
acid, and is afterwards concentrated to 1.842 by heating in 
leaden, glass, or platinum stills. 

-Pr(yer^.— This is a heavy, colourless, and oil-like liquid; 
it blackens and destroys organic matter; freezes at — 30^ and 
boils at 640'' ; has strong affinity for water, producing great 
heat in combining with it; attracts moisture from the air; 
unites in all proportions with water, and the mixture occupies 
less space than the separate liquids ; no smell; very acid taste; 
reddens vegetable blues ; forms with oxides of the metals a 
great variety of sulphates; used for drjring organic substances; 
dissolves most metals; it is dibasic; does not evaporate when 
exposed to air. 
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W. 860004 Hydmte of Solplmjio Aai4 -<9i Mi. Mi 0) 

Hm 3p« Gr. 1*78, and contains two atoms of water j freezes ^t 47^, having 
then Sp. Gr. 1*951 ; sometimes called Glacial Solphnric Add ; boils at 
436*». 

96. Third Hydrate of Sulplmrio Aoid.— (Hj «0«. 2 H»0.) 
Qoi'hj eTaporatiog weak sulphmie acid in yacno at SIS'* ; ita Sp* Gr. ii 
1-632; boUsatSiS*'. 

07. Nordhanseii Salphurie Aoid.— Got from snlpfaatcr of Iron 
^ by first drinn((^ off bj heat the water of crjstaJlizatiop, and then dIstiUiog 
in earthen retorts ; prepared at Nordhausen, in Prussia, and Krasliiz, in 
Bohemia. In driving off the water of crystallization the weight is rednced 
about 40 per cent., and the sniphato becomes a reddish-yellow powder. 
About two pounds of this placed in a retort as a charge $ about 86 hours 
occupied in distillation ; there is thus obtained a brown oily fuming liquid 
with Sp. Gr. 1*9 ; used to dissc'lve indigo for dyeing Saxon Blue. 

7V<t.^Chloride of barium gives immediate precipitate of sulphate of 
barium. 

{Tses.— Sulphuric acid has many and important uses. By it, nitric, 
hydrochloric, and other acids are obtained. It is used in manufacture of 
carbonate of sodium, &c. &c. 8000 tons of this acid are said to be used 
weekly in South Lancashire. 

98. Sulphates. 

Sulphates of potassinm, barinm, strontium, lead, and sUyer, 
and of both the mercary oxides^ are anhydrous $ ioli^iates of 
zmc, magnesium, and of the protoxides of iroiLCobalt, and nickel, 
generally contain seven parts of water. The proportion of 
water is smaller in these sulphates if the crystals are formed 
at a high temperature, having only five, four, or two parts of 
water. Some of the alkaline sulphates are acid. Heated with 
charcoal all sulphates are decomposed. The sulphates of tiie 
alkalies and alkaline earths thus decomposed are converted 
into sulphides, which give off sulphuretted hydrogen when 
treated with hydrochloric acid. 
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Potaflsiiim, Snlphate E3 SO4 

Sodium, „ Nh, SO4 lOHjO 

Potassiam Acid, Sulphate EQ SO4 

Ammoniam, „ (H4N)2 SO4 

Calcium, , CaS04.2HjO 

Barium, , Ba SO4 

Strontium, „ Sr SO4 

Lead, , Pb SO4 

Silrer, „ Agj SO4 

Magnesium, „ IM^ SO4. THj O 

Zinc, „ Zn SO4 7H2 O 

Iron, , Fe SO4 7Ha O 

Cobalt, „ C0SO4. 7H2O 

Copper, „ CUSO4. 5HiO 

Aluminum, , Ala 8SO4. 18 Hj O 

Potash Alum .> K Al 2 SO4. 12 Hj O 

Sulphate of Copper and Potassium, Cu SO4. E9 SO4 6H2 O 
Basic Sulphate of Copper Cn SO4.2 Cu Ha Os 

99. Sulphuretted Hydrogen, Hydrosulphuric Acid, 
or Dihydric Sulphide. 

Ha S = 34 ; Ccm. Vol., iTj ; Sp. Gr., 11912. . 

This is a colourless gas, having a very offensive smell, like 
rotten eggs. It is also very poisonous. It is, however, very 
usefdl, for when it is brought in contact with many of the 
metallic salts in solution, it immediately forms Sulphides of 
the metals, having a distinctive colour, &c. The gas is 
readily prepared by adding water and sulphuric acid to the 
sulphide of iron. 

Fe S + Ha SO4 = Fe SO4 + Ha S. 

The lower animals are poisoned hj it when mixed with from 600 to 
1200 times its bulk of air ; 100 cu. in. weigh over 38 grains ; reduced to a 
liquid by pressure of 17 atmospheres, forming a clear liquid which freezes 
at -122°. Water dissolves 2*66 times its own volume at 75°. The water 
solation is slightly acid, has a similar smell to the gas, and becomes milky 
if exposed to the air. The solution, as well as the gas, is used as an im- 
portant test for many metallic oxides. Heated potassium burns rapidly in 
it ; chlorine, iodine, and bromine readily decompose it ; it bums with a 
G 
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pale bine flame ; passed through a red hot tabe it is decomposed ; its com- 
position shown by explodinie: 100 measares of the gas with 1 50 measures 
of pore oxygen, yielding 100 meaimres sulphttroas anhydride. 

Another Preparation. — ^By heating a mixture of powdered tersolphide 
of antimony and strong hydrochloric add. This gires a purer gas. 

Sba Ss + 6 H a = 2 Sb CIg + 3 H, S. 

Test. — A piece of blotting paper wetted with a solution of acetate of 
lead is immediately blackened on exposure to the gas, or its solution. 

lOO. Bisulphide of Carbon or Sulphocarbonic Acid. 

CSa = 76. Sp. Gr., 1.272 at 60» F. ; MoL VoL |X1. 

This is a liquid having a very disagreeable smell. It is 
highly inflammable, burning with a bine flame. It is very 
volatile, and its vapour is a powerful poison. It has never 
been frozen. It is prepared by dropping sulphur into a retort 
containing charcoal heated to redness; the sulphur vapour 
combines with the carbon and is condensed In cooled vessels. 

Sulphurous and carbonic acid gases are produced when the 
liquid is burnt ; has great refractive and dispersive power ; it dis- 
solves sulphur, phosphorous, chlorine, and bromine; may be regarded as 
the analogue of carbonic acid, the sulphur of the sulphide corresponding 
uith the oxygen of the OO2 ; unites with sulphides of alkaline metals pro- 
ducing sulpho-carbonatest as ( K, CS3 ) sulpho-carbonate of potassium; 
these snlpho carbonates give a brown precipitate with salts of copper; the 
vapour of CSs mixed with oxygen is explosive; when heated with water in 
a sealed tube to 302° it is resolved into carbonic acid and sulphuretted 
hydrogen; has a burning taste; never been frozen, hence sometimes used in 
making thermometers; the vapour produces depression when breathed. 

loi. Selenium. 

Se = 79.5. ^ Atom. Vol D ; Sp. Gr. Ciyst 4.788. 

This element as a powder is red. In many of its properties 
it resembles sulphur. After fusion it continues soft for some 
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time, and may be easily moulded. It burns in air with a bright 

blue flame. It is found in small quantities in combination 

with lead, silver, copper, &c. In its preparation, the 

ore is heated in a crucible with nitrate and carbonate of 

potassium; it is then digested with water, adding hydrochloric 

acid ; it is afterwards evaporated, and treated with sulphurous 

acid. 

SHj Se Os + 4Hs 808 = Se8 + 4Hj SO4 + 2Ha 0. 

It is a red powder; is semi fluid at 212^; boils at 1326^; its Tapoar is 
yeUow; condenses in smaU drops haYing a metallic appearance; on becom- 
ing; solid it is brittle and almost black; may be crystallised into foar-sided 
prisms. Selenium does not dissolve in water; is soluble in strong snlphnric 
acid; bums witb pale bine flame when heated in air, forming selenioiu 
ai^ydride. 

102. Selenious Anhydride ( SeOs ). This is prepared as above; 
has smell of horse radish; not acid. 

103. Selenious Aoid. (H3 SeOs). Obtained by dissolving 
seleninm in warm nitric acid, and distilling the solution until the selenious 
add is sublimed. It is a solid white substance; has acid taste; gives off 
yeUow vapour; has strong Effinity for bases, forming SeUnitea^ which cor- 
respond with Sulphites, 

104. Selenlo Acid. ( H2 Se04 ). Got by fusing seleninm with 
nitrate of potassium; nitrate of lead is added,giving seleniate ofIead,which is 
pp. by sulphuretted hydrogen; the acid in solution is separated by filtration* 
This acid closely resembles sulphuric acid; it dissolves gold; is decomposed 
when heated above 550^; great heat is evolved when mixed with water. 

106. Seleniuretted Hydrogen. (H3 Se). This is a gas, aad is 
prepared from a selenide in the same way as sulphuretted hydrogen. The 
gas has an offisnaive smeU; is inflammable, and colourless. 

106. Tellurium. 

Te = 129; Sp. Gr. 6.65; Atom. Vol., a 

This rare element is found chiefly in Hungary and Transyl- 
yania, ^united with gold, silver, and lead, forming tellurides of 
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those metals. Tellnriiim has a metallic appearance like 
bismnth. In most respects it resembles snlphnr and selenium. 
It combines with hydrogen, forming ielluretted hydrogen (H,Te) 
which is a gas haying the smell of sulphuretted hydrogen. 
It forms with ozygen two acids— tellurous acid, H, TeO,. and 
telluric acid, H, Te04. 

107. Phosphorus. 

P s 81. Atom. Vol. a = i; Sp. Or., 1.83 (SoUd), 4*5 (Vapour). 

This remarkable element was discovered by Brandt in 1669. 
It is a solid wax-like substance, which, when pure, is soft and 
colourless. It takes fire very readily at a low temperature, or 
by Mction, hence is usually kept in water. It is very poisonous. 
In the air it gives oflF a white vapour, which is phosphoric 
anhydride, P, O5. It is not found free in nature, but with 
oxygen and calcium it enters largely into the composition of 
the bones of animals. It is from this source that phosphorus 
is now obtained. . • 

Preparation : — Gelatin is removed from the bones by heating 
them with water; the bones are afterwards distilled in closed 
vessels. Three parts of bone-ash thus obtained are mixed with 
two oil of vitriol, and about 20 water. After the mixture has 
stood two or three days, it is filtered. 

Caa 2PO4 + 2H2 SO4 = H4 Ca 2PO4 + 2Ca SOi 

The filtrate, which contains the superphosfphate of lime (H^ Ca 
PO4 ), is evaporated and mixed with one-fourth its weight of 
charcoal, and heated to dryness. It is finally distilled in an 
earthen retort, the phosphorus passing over as vapour into a 
vessel containing water. 
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Fir^t Stage of Decomposition — 

3 (H* Ca 2PO4 ) = Caa 2P0« + 4H8 P0«. 

Secmd Stage-— 

4H3 PO4 + I6C = P4 + 6H, + 16 CO. 

It melts at 111.5^ and boils at 550^; when melted nnder an alkaline 
iiqnid it remains for a long time fluid, bat if touched with a wire or glasa 
rod it immediately becomes solid; is insolable in water; its yaponr is Tisible 
in the dark, hence its name which means *< light bearing." If air is mixed 
with :|^^th its Yolnme of olefiant gas, a piece of phosphoms is not 
Inminoos in the dark; in pnre oxygen it does not appear luminous under 
60° unless the gas be rarified; it is soluble in benzol, oU of turpentine, and 
in the fixed and essential oils, and bisulphide of carbon; if a solution in the 
latter liquid be dropped on blotting paper,it takes fire as soon as the solrent 
has eraporated, in consequence of the rapid union of the phosphorus with 
oxygen of the air. Phosphorus may have fire different forms. 1. TVaiu- 
parent, as above described. 2. White, which is less fusible. 3. Blacky 
got by suddenly cooling melted phosphorus. 4. Viscous, by heating pure 
phosphorus to nearly boiling point and suddenly cooling. 6. Bed Scaies, 
by sublimation of phosphorus. 

Tests: — ^Its garlic smell; its luminosity in the dark; in donbtftil cases, 
dissolre substance in bisulphide of carbon, filter, place filtrate into a watch 
glass on hot water in the dark, a luminosity appears as sulphide evaporates. 

108. Red or ^morphons Phosphorus, Sp. Gr., 2.14.^Thi8 
is red and opaqne; insoluble in bisulphide of carbon or benzol, and so maj 
be distinguished from the common kind; chlorine acts on it without heat; 
detonates when rubbed with chlorate of potash; is not poiaooous; not 
luminous in the dark until heated to sgs^*; does not oxidise in the air; 
heated to 600° it melts and bums with bright flame. 

Preparation. — ^It is obtained by heating in a flask, common phosphorus 
at about 450**, for SO or 40 hours, excluding air. 

109. Lucifer Matches. 

In their mannfactnre the ends of the pieces of wood are 
dipped in gum and then dusted over with sulphur ; after this 
they are tipped with a mixture of glue, phosphorus, and 
chlorate or nitrate of potassium and oxide of manganese. Red 
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phosphoras is said to be preferable to the Titreons, being 
attended with less danger in their mannfactore, and less inja- 
rions to the health of the workpeople. The last-named matches 
are not, however, in nse now, not being sufficiently inflam- 
mable, and giving a sputtering flame. Many matches now made 
without phosphorus, having, instead, sulphide of antimony, 
silica, and nitrate of lead. The following compositions are 
in use — 



Phosphorus (common) 4 

Saltpetre 16 

Bed Lead 3 

Strong Glue 6 



Phosphorus (conmion) . ... 9 

Saltpetre 14 

Black Oxide of Manganese. . 11 
Gum 16 



iio. Oxides of Phosphorus. 

There are two known oxides of Phosphorus, Phosphorns 
Anhydride or Phosphoric Trioxide, P, Og. Phosphoric Anhy- 
dride or Phosphoric Pentoxide, P, Og. 

There are also three oxidised acids, or oxides of phosphine, 
PH3. 

Hypophosphorous Acid (monobasic)... PHsO, = HPHjO, 

Phosphorous Acid (dibasic) PHsOa = H2PHO3 

Phosphoric Acid (tribasic) PHaO^ = H3PO4 

There are three hydrates of phosphoric acid. 

Ordinary Phosphoric or Orthophosphoric Acid H, PO4 

Metaphosphoric Acid H PO., 

Pyrophosphoric Acid H4 PjO^ 

111. Phosplisrous Anhydride, Ps O3 This is obtained by the 
^w combastion of phosphoras in dry air or oxygen. This forms large 
white flakes, which are volatile and do not redden litmns paper. When 
brought in contact with water produces a hissing aonnd, and forms Phos- 
phorous Acid, 
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112. Phosphorous Aoid or Hydrio Phosphite, Ha PHO3. This 
acid is formed, also when sticks of phosphoras are exposed to moi^t air, or 
bj the action of water on the trichloride of phosphorus. 

3H, Of PCls = PH3 Os + 3HC1. 

When the solution is boiled, the hydrochloric acid is driven off, and on 
cooling, crystals of phosphoroos acid are formed. The solution is a strong 
acid, and a power/nl reducing agent. It is dibasic. 

113. Phosphites. — ^Phosphorous acid beiug dibasic forms two classes 
of salts, normal and acid (par. 27, Salts), Kxs. Normal phosphite of 
80<fiam,Na3 PH0a,5Ha O; acirf phosphite of barium, Balls SPHOa. Neutral 
or normal phosphites, excepting those of the alkaline metals are but slightly 
soluble, whilst cufid phosphites are soluble. Acid phosphites heated give 
off hydrogen. 

BaH, 2PHO3 = Ba 2PO3 + 2H2 

Neatrai phosphites heated yield phosphuretted hydrogen. 

6Pb PflOa = Pba 2PO4 + Pbj P2 O7 + H3 P + Hj 

Phosphites are distinguished by their solution reducing sulphurous acid, 
giying off sulphuretted hydrogen — 

SHj PHOs + Hj SO3 = 3H3 PO4 + Ha S. 

114. Hypophosphorons Aoid, HPH2 O2. This compound has 
never been obtained anhydrous; the syrupy solution has a sonr and some- 
what bitter taste; slightly acid; absorbs oxygen from air; on heating,it first 
loses water, and with greater heat it is resolved into phosphoric acid and 
phosphuretted hydrogen. 

Preparation. — ^Produced by boiling phosphorus in solution of caustic 
potash or lime; may be got as hydrate by boiling phosphorus in water with 
baryta. 

3(BaO, Ha 0) + 2P4 + 6H2 O = 3(Ba2PHa O2 ) + 2H8 P. 

By adding sulphuric acid to solution of hyphophosphite of barium, the 
barium is removed as sulphate, and hypophosphorons acid remains in 
solution. 

116. Phosphorio Anhydride, Phosphoric Pentoxide, or 
Fentozlde of Phosphorus, P2 Os = 142. This is a white, anhydrous, 
and very deliquescent powder; readily combines with water, producing a 
hissing sound when thrown into it; water of the hydrate can only be 
remoTed bv cau«ing the acid to unite with a base; has a pleasantly sonr 
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taste; is not poisonoas;' reddens litmns paper; is a asefol dehydrating 
agent, having so strong an affinity for water; will remoye water froB 
hydrate solphoric acid when heated with it 

Pa Os + 3H2 SO4 = 2(H3 PO4 ) + SSOs 

Used medicinally; dUeolyes phosphate of lime, hence destmctiye to be 
teeth; is decomposed when heated with charcoal, being resolred into carbotie 
anhydride, carbonic oxide, and phosphorus. 

Pa O5 + 4C =C0, + 3C0 + 2P. 

Preparation. — This is got most simply by burning phosphorus under 
a bell jar, in dry air or oxygen. 

116. Orthophosphoric Acid, Common Phosphoric 
Acid, or Tribasic Phosphoric Acid. 

H3PO4 

Preparation. — 1. This form of the acid may be obtained bj 
boiling 1 part of Phosphorus with 13 of nitric acid; nitric acid 
is decomposed, yielding deutoxide of nitrogen (NO) which 
escapes while Phosphoric Acid remains in solution; on the 
disappearance of the phosphorus, the excess of nitric acid is 
evaporated until white fumes come off; the acid sohdifies as it 
cools; this is Glacial Phosphoric Acid. 

2. May be also obtained by adding carbonate of ammonium 
to superphosphate of lime (See Manufacture of Fhos,) ; Tribasic 
Phosphate of Lime is precipitated and phosphate of ammonium 
is in solution; the latter is separated by filtration, and then 
ignited; this method yields a less pure acid than the first. 

Properties. — May be obtained as Olacial acid, when it is in 
hard prismatic crystals; the aqueous solution has a strong acid 
reaction, and at a boiling heat decomposes the salts of most 
volatile acids. 
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iiy. Orthophosphates or Tribasic Phosphates. 

Phosphates may befonned in which one, two, or three atoms 
of water are displaced by as many atoms of some metallic base; 
by adding carbonate of sodium to a boiling solution of glacial 
acid, a tribasic phosphate of sodium is got 

(Naa HPO4, 12H2 0) 

By mixing a solution of this with a solution of acetate of lead, 
a white phosphate of lead may be obtained. On passing sul- 
phuretted hydrogen through the liquid with the last salt 
suspended, phosphoric acid is set free, and is found in solution, 
whilst the sulphide of lead is formed. 

Pbs 2PO4 +3H3 S = 2H3 PC* + SPbS. 

By filtration the acid may be separated and crystallized; 
generally speaking the phosphates, with 3 atoms of metallic 
base, are alkaline, with two atoms either neutral or but feebly 
alkaline, and with one strongly acid; the last sometimes called 
superpho^hates. 

Test, — "With nitrate of silver, a yellow precipitate. 

118. Pyrophosphorio Acid (H* Pa O7) and Pyrophosphates 
(M4 P2 O7 ). — ^The pyrophosphate of sodium is prodaced by heating 
disodic orthophosphate to redness. 

2 Naj H PO4 = Na4 Pa O7 + H«0. 
When the nitrate of lead or silver is added to a solution of the pyrophos- 
phate of sodium, it yields insoluble pyrophosphates of those metals : — 

Na4 Pa O7 + 2 Pb' NaOe = Pb' Pa O7 + 4 Na NO3. 

When sulphuretted hydrogen is passed into the solution, it yields pyro- 
phosphorio acid : — 

Pb'a Pa O7 + 2H2 S = H4 Pa O7 + 2 Pb' S. 

The add thus produced does not, in solution, precipitate albumen ; when 
neutraJ, gives a white pp. with chloride of barium, and nitrate of silver. 
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(^/P\^'-}^^^P^^P^onc acid is obtained by heating pyrophSsph^ 

and ddonde of barium. As a solid, it is colourless and glassy ' 

The metaphosphates may be obtained by treating the acid with bases. 

120. I. Orthophospliates. 
BlaPO* ; MjHPOi ; M H, PO4. 

Sodium, Snbphosphate Nas PO4 . 12 H, O 

„ Khombic phosphate TSsl2 H PO4 . 12 Ha'o 

„ Acid phosphate Na H2 PO4 . H^ O. 

Microcosimc Salt . .... Na H4 NHPO/. 4 H^ 0. 

Calciam, Basic phosphate . ..^ Ca's 2 PO4. 

„ Superphosphate Ca' H4 2 PO4 

Magnesium and Ammonium, Phosphate Mg'HiN PO* 6 H^ 

f-erricphosphate Fe-'^ PO, ',2 m O. " 

Lead. Phosphate Pb'gSPO, 

Bismnth, „ Bi'' POi 

Bilyer, „ (yeUow) AgaPO*.' 

IL Metaphosphates M PO3 . 

Sodinm, Metaphosphate Na PO3 

'^> » Pb' 2Pb3. 

Silver, „ Ag PO3. 

III. I^jrrophosphates M4 P3 O7 ; M M'3 P3 Or. 

Sodium, Pyrophosphate Na* P3 O7 . 10 H. O. 

jf^ » Pb'aPjOz 

Copper and Sodium, Pyrophosphate Cu'3 Na* 2-' Pa Or 

^''^^' ,, Ag4P3 07 . 

121. Oxide of Phosphorus, P4 O.— This is a constituent of the 
yellow substance that remains when phosphorus is burnt in air It is 
neither acid nor alkaline, and has neither taste nor smell. 

122. Phosphides of Hydrogen. 

There are three Phosphides of Hydrogen :— 

Gaseous Phosphuretted Hydrogen, H^P. 
Liquid Phosphide of Hydrogm, H^P. 
Solid Phosphide of Hydrogen, HP^. 
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123. Phosphuretted Hydrogen. 
HsP = 34. 

This is a remarkably-inflammable gas, haying a pecoliar 
smell, like garlic. It bursts into flame when it comes in con- 
tact with air or oxygen. It is easily prepared by boiling 
small pieces of phosphorus in a solution of caustic potash or 
lime. Besides the gas, the hypophosphite of potassium is 
formed : — 

P4 + 3 Hj + 3 K HO = 3 KPHj Oj + HsP. 

A drop or two of sulphuric ether added, prevents too violent 
an explosion of the gas in the flask. 

This gas is somewhat solable ia water ; is decomposed when passed 
throngh solations of lead, copper, or mercury, producing phoAphides of 
those metals. Solution of chloride of lime completely absorbs it when 
pnre ; mixed with air or oxygen, it explodes at 300^ temperature. One 
volnme of phosphorous vapour and six vols, of hydrogen are condensed in 
this sas into four vols. Similar to ammonia in its composition, but has not 
alkaline properties ; combines with some acids, as hydriodic acid, Hg P,. 
HI. This is a crystalline compound, similar to sal ammoniac ; H3 P 
bursts into flame on coming in contact with air or oxygen. This property 
is destroyed by adding to the gas small quantities of ether, naphtha, &c. 

124. Liqfaid Phosphide of Hydrogen, Hj P.^This liquid 
oocasions the spontaneous inflammability of phosphuretted hydrogen in air; 
it is said to communicate this property to 500 times its weight ot the gas; it 
is a colourless liquid, which is insoluble in water. 

It is prepared by the action of water on phosphide of calcium. 

5 P Ca> + 5 H2 O = 5 Caa O + 5 P Hi. 
The gas obtained is condensed in a cooled U-tube. 

126. Solid Phosphide of Hydrogen, HPt .—When the above 
liquid is exposed to sunshine, the solid form of the compound is found 00 
the sides of the glass. It may be got, too, by the action of hydrochloric 
add on the liquid. The solid is a yellowish compound, which takes fire 
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126. Terohloride of Fboflnphoras, PCls = 137.5. Sp. Or. of 
lAqxAd 18 1.616 ; Mo]. VoL m.— This is a colourless and transparent 
liquid ; has a pungent smell ; fumes when exposed to air ; boils at 173" 4; 
mixed with water it is decomposed into hydrochloric and phosphoroos 
acids ; it dissolves phosphorus ; is decomposed by alcohol and ether ; is 
prepared by passing dry chlorine into melted phosphorus. 

127. Pentaohloride or Peroliloride of Phosphoms, 

PCU = 208.5 ; Mol. Vol. '^~ 



This is a snow-white crystalline solid, which yolatilises below 212® > 
may be fused under pressure ; fumes when exposed to air ; very deliques" I 
<tent ; is decomi>o8ed by water into phosphoric and hydrochloric adds ; 
bums in the flame of a lamp, yielding chlorine and phosphoric acid ; got ' 
by treating terchloride of phosphorus, in a tall glass, with excess of { 
•chlorine. i 

128. Silicon, or Siliciiim. 

Si = 28 ; sp. Gr. of Vapour, 0.9674. 

Lately Bhown by Deville to be similar to Carbon in having , 
three modifications, Amorphous, GrapMtoid, and OrystaUme ; 
next to oxygen found most abundantly in nature ; principal ' 
element in flint, quartz, and sandstone ; found naturally as 
silica; pure silicon first obtained by Berzelius, in 1823. 

Amorphous Silicon. — Properties. — This is, when pure, a dark brown 
powder, heavier than water ; soils the fingers ; is a non-conductor of elec- 
tricity ; is non- volatile ; without lustre ; does not melt before the blow- 
pipe ; does not dissolve in water ; neither nitric nor sulphuric acid acts 
on it ; dissolves in hydrofluoric acid and warm solution of potash ; when 
strongly ignited, increases in weight, and has a chocolate colour ; heated 
in air or oxygen it bums brightly, and is converted into silica ; heated 
with sulphur it unites with that element ; the chocolate variety will not 
combine with sulphur when heated with it, will not dissolve in hydroflu- 
oric acid, nor bum in the air. Silicon, when melted with dry carbonate 
of sodium, is converted into silicic acid. 

Amorphous Silicon corresponds with the lampblack form of carbon. 

Preparation, — Got by mixing powdered fluor-spar and flints with oil 
of vitriol, then heating the mixture. The fluoride of silicon as a gas comes 
ofi'and is conducted into water, rendering it acid ; on adding a solution of 
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potash, the acid liquid is nentralized, and the double fluoride of silicoD and 
potassium ia fonned ; this is dried and heated with about nine-tenths its 
freight of potassium, giring this reaction : — 

(2KF, SiFi) +2K2 = Si + 6KF. 

The silicon is washed in cold water to remove potassium ; when it 
ceases to give an alkaline reaction, it is boiled with water, to decompose 
mv remaining fluoride. It may also be obtained by passing the vapour of 
!hloride or fluoride of silicon over potassaum, and then washing with cold 
water. 

Graphitoid Silicon. — Got by fusing in a crucible 5 parts soluble glass,, 
[silicate of potassium) 10 parts cryolite (fluoride of sodium and aluminum),. 
with 1 part aluminum. The silicon is separated as scaly crystals, on add- 
ing hydrochloric acid. This has a Sp. 6r. of 2.49 ; has metallic lustre ;. 
is similar to graphite when separated from iron ; conductor of electricity ; 
mdergoes no change when heated to white heat in oxygen ; may be 
gradually dissolved by a mixture of hydroflaoric acid and nitric acid. 

Crystalline Silicon. — Prepared by Deville, by mixing in red-hot 
iarthen crucible, 3 parts silico-fluoride of potassium, 1 part sodium, and \ 
>art zinc. These are fused, and afterwards cooled. Needles of silicon are- 
ound in buttons of zinc ; zinc separated by digesting in hydrochloric acid,, 
ind afterwards in boiling nitric acid. 

1 29. Silicic Anhydride or Silica. 

Si Os = 60; Sp. Gr. 2.642 (Cryst.) 

Fonnd in nature pure as rock-crystal, and some kinds of 
quartz; nearly pure in sand, flint, opal, agate, calcedonj, and 
[asper. 

Properties. — ^When pure perfectly transparent and colourless;: 
rery hard; fuses by heat of oxyhydrogen blow-pipe into a 
transparent glass; inspluble in water and all acids except 
aydrofluoric; as found in rock-crystal crystallized in six-sided 
prisms and terminated by six-sided pyramids; not volatile* 
ivhen heated alone; all waters contain this acid; hot springs,, 
is the Geysers, deposit it. 
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Preparation. — 1. May be obtained by passing fluoride of 
tdlicon into water, and afterwards washing and igniting. 

3Si F4 + 2Ha =:SiOa + 2(2HF, Si F4 ) 

2. By heating colourless rock-crystal to redness, and then, 
whilst hot, immersing in water. 

Tests. — Evaporate solation to dimness, when it appears as gritty white 
powder, insoluble in water or weak acids; Uie solid fased widi carbonate of 
sodium before the blow-pipe gives a transparent colourless bead. 

130. Silicates. 

Most of the silicates are found as crystallized minerals; 
many of them are doable silicates; most are fusible. Nearlj 
all are insoluble in water; definite hydrates difficult to obtain; 
^SiOs, SH^O has been got as well as some others. 

Forge Cinder Fe% SiO^ 

Silicate of Lime Ca', SiO^ 2Si02 

Wollastonite Oa' SiOj 

Augite (CaMg)' SiOj 

131. Fluoride of Silicon, SiF* Sp. Gr., 3.6; MoL Vol. IXI- 
This is a gas which fnmes iu the air; it has been liquified; and the liquid 
may be solidified at -220**. It is ptepared by heating in a fiask equal {MZts 
•of fluorspar and glass in fine powder, with 12 times their weight of oil of 
TitrioL 

CaF2 + Ha SO4 = 2HF -f CaSO* 
Then--4HF + SiOa r= 2Ha O -h SiF^ 

182, Hydrofluosilido Add or SUioofluorlo Acid, 2HE, SSSl 
When the above gas is passed through water, one portion of the gas is 
^decomposed, and another is dissolved, tbrming the hydrate of silica, a whitt 
gelatinous substance, and a solution of the hydrofluosilicic add. 

SSiF* + 2H2 = SiOj + 2( aHF, SiF4 ). 
ThSa llqmd precipitates potassium and barium. 
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133. Glass, 

Glass is a oombination of two or more Silicates, one being a 
silicate of an alkali, whilst the other is either a silicate of 
lime, barinm, oxide of lead or iron. Glass is obtained by melting 
silicic acid with metallic oxides ; when cool it is transparent or 
coloured, according to the oxides used. 

134. Plate and Window Glass.— This consists of silicates ot 
sodinxn acd lime ; at St Gobain the following ingredients are used: — 
800 parts white sand, 100 dry carbonate of sodiom, 43 lime, slaked in air; 
300 broken glass ; these are melted in a large cmcibie, and remain in a state 
of fusion for Bomeiionrs; the liqnid is then ladled into a smaller crucible, 
and thence poured upon a cast iron table; the melted mass is then roUed, 
and afterwards annealed and lereiled. 

186. Window Glass is mannfactnred from a mixture of 100 puts 
of sand, 35 to 40 chalk, 30 to 55 soda ash, and from 50 to 150 brokea 
glass. 

136. Bohemian Olass.— This is composed chiefly of silicates of 
potassium and lime, and may be represented by (Ki 0, SSiOiCaO, SSiOs); 
used for combustion tubing, and known as Itard-glan tubing, 

137. BoLtle Glass. — This contains silicates of aluminum, lime, iron, 
magnesium or potassium . May be prepared from 100 parts sand, 80 soapers' 
waste, 80 gas lime, 5 clay, 3 rock salt; used for bottles, carboys, &c; green 
colour occasioned by ferrous oxide. 

138. Flint Glass.— This may be represented by (K2 O, SSiOj. iPbO, 
SSiOs ) consisting of tbe silicates of potassium and lead; usual charge, 100 
parts fine sand, 100 n^inium or red lead, 30 refined pearl ash; used for 
optical instruments, &c. 

139. Devitrifioation.-— When gkss is kept for a long time at a 
temperature near the melting point, it becomes opaque, and is said to be 
devitrified'j it is known also as Riaumur^s Forcdam, 

140. Solnble Glass ( Kas 0, 4SiOs ), is an alkaline silicate, got by 
melting together 8 parts carbonate of sodiimn, 15 pure quartz sand, and 1 
part charcoal. It is used in fixing fresco colours; for protecting stonework, 
and in preparing mordanted calico. 

141. Coloured Glass.— Sesquioxide of iron, suboxide of copper, 
and gold, give a red colom:; antimony gives a i/elloio colonri protoxide ot 
iron and oxide of copper give a green, and cobalt a blue* 
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142. Boron: 

B = 10.9; Sp. Gr. 2.68. 

This element was obtained from Boracic Acid by Gay-Lnssac, 
Thenardy and Davy, in 1808. It may be obtained like Silicon 
in three foims, the Orystallmsy OraphUoid, and Amorphous, 

Amorphous Boron. — Got bj the same method as amorphous 
nlicon; hydrdBaoricacid isvatorated with boracic acid; to the liqaid is 
then added carbonate of potassium; the compoand is afterwards washed and 
dried; is finally heated with eqoal weight of potassium in iron crocible; 
fla(»dde of potassium is remoTed by hot water. 

2(KP, BFs ) +- 3Ks = 8KF + 2B. 
This form of Boron is a dark greenish-brown, or chocolate-colonred powder; 
without taste or smell, and similar in appearance to carbon; may be 
liquified by Toltaic electricity; does not oxidise in air, water, or solations 
of the alkalies; is readily oxidised by nitric acid, or aqua regia; it is rapidly 
oxidised by heating with nitrate of potassium, deflagrating powerfallr* wheo 
first prepared it has a strong affinity for oxygen, as may be shewn by 
heating in air or oxygen, when it bums with bright scintillations; it unites 
readily with chlorine. 

Orystalline Boron. ~ This is obtained from the amorphous variety 
by heating it with aluminum in a Hessian crucible for about two hours; 
the aluminum is afterwards dissolved out by dUute hydrochloric acid. This 
form of boron is in transparent but dark brown octc^edra crystals rivalling 
the diamond in brilliancy, bums imperfectly in oxygen, but readily when 
heated in chlorine; is not affected by any acid or mixture of acids. 

GrapMtold Boron is obtained in preparing the crystalline form, 
and is separated similarly. Appears as pale copper-coloured, opaque, hexa- 
gonal scales. 

143. Boracic Anhydride. 

Bi Os = 69.8 ; Crystallized Acid HB02,H2 0; Sp. Gr. 1.83, 

This is found in tincal obtained from Thibet, and in borate of lime and 
magnesium from west coast of S. America; met with in greatest abundance 
in Tuscany, where it rises with jets of steam called Suffioni; the Tapoor 
falls into lakes of water surrounding the jets; this water, on evaporation in 
leaden vessels, yields the crade boracic acid; the heat required for evapor- 
ation is suppUed by conveying the Suffioni in pipes below the vessels;, crude 
acid only yields abont three quarters of its weight of pure tfcid. 
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PropertieM, — Gentle heat cansee the ciystals to pert with water, and 
become a hard, transparent, and colourless glass; this alter a time becomes 
opaque; bodies with which it is combined are rendered easily fosible; it if 
soluble in alcohol; the alcoholic solution burns with green ftune; issparinely 
solnble in cold water, but is dissolved by three times its weight of boilmg 
water; slightly more powerful than carbonic acid» which it will displace. 

Pure Boradc Add is obtained by dissolying 1 part of purified borax 
in 2i partsof water, and then adding hydrochloric acid; here chloride of 
sodium remains in solution, whilst the boradc acid crystallises out • 

144. Borates.— The alkaline borates are rery solnble; other borates 
only partiaUy ; a great yariety of alkaline borates. 

Te$t — ^Turmeric paper soaked in alcoholic solution of the add becomes 
quite red on drying. 



Additional Non-Metallic Compounds* 

145. Chloroperohlorio Aoid, CU Oir ?~Prepared by exposing 
chlorous anhydride to the rays of the sun. It is a reddish brown liquid; 
decomposed by heat; forms white fumes when in contact with moist air. 

I4d. CUoroollloriO Aoid, CU Oia?— Obtained by passing euchiorine 
through a number of U-tnbes, surrounded by a freezing mixture. It is a 
yellowish red liquid which boils at 89^.6 F. 

147. OUoride of Bromine, Br CI.— Got by passing chlorine 
through bromine. It is a yellow liquid, haying a penetrating odour; very 
volatile, and bleaches yegetable colours* 

148. Bromide of Nitrogen, N Br ?— This is prepared by the 
action of bromide of potassium on chl(»ide of nitrogen. It is an oily,* 
volatile, dark brown, and explosive liquid. 

149. ProtooUorlde of Iodine, I CL— Got by the distillation of 
1 part iodine, and 4 parts chlorate of potsssium. It is a reddish-brown and 
oily-looking liquid. 

150. TeroUoride of Iodine, I Cls — Produced by the action of 
chlorine on iodine. It is a yellow solid substance. 

16t Bromide of Iodine, I Br.— This is obtained by treating iodin« 
with bromine. It is a volatile solid. 

H 
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162. OUorosnlpliixrio Aoid,;orOMorideof Siilpliiuyl,SOi Cl» 
. This is prodnoed hy exposiDg equal Tolmnes of chlorine and salphnroos 
anhydride to the action of the snn. It ii a coloorless Uqnid, having a 
penetrating odoor. 

153. KltrosnlpliTirlc Aoid, H3 SOs 2NO.— This acid has neyer 
been isolated. 

154. Perstilpliide of Hydrogen, Hj S3 ?— This is procnred by 
the addition of hydrochloric acid to the persulphide of calciam ( Ca S5 ), 
and gently wanning. It is a yellow, oily liquid, with smell of solphtiretted 
hydrogen. 

155. Chloride of SalphtLr, Sj CI2 :— Got hy passing dry chlorine 
through melted sulphur. It is a yellow, volatile liquid, which fumes in the 
air. 

156. Sulphide of Nitrogen, SN: — Obtained by passing gaseous 
ammonia, through a solution of chloride of sulphur, in bisulphide of carbon. 
It forms golden yellow crystals. 

157. Chloride of Boron, B CI3 :— This is a gas which fumes in 
the air, and is decomposed by water. It is prepared by passing dried 
hydrochloric acid over crystals of boron. 

158- Fluoride of Boron, B F3 :— Got by igniting 2 parts^icor^/yar 
with one part boracic anhydride. It is a gas having an irritating smell 

169. Nitride of Boron, B N: — This is a white powder, which is 
procured by heating to redness 1 part anhydrous borax, with two parts sal 
ammoniac. 

160. Phosphoms, Oxyohloride of, PO Cla :— Obtained by de- 
composition of pentachloride of phosphoms in moist air. This is a colourless 
and fuming liquid. 

161. Snlphoohlopide of Phosphorus, PS Cls :— Got by the action 
of pentachloride of phosphorus on trisulphide of antimony. It is a colour- 
less and oily liquid. 

162. Terhromide of Phosphorus, POBrs .—Prepared like 
ozychloride of phosphoms. 

163. Binlodide of Phosphorus, Pis :— Prepared by addinp 
iodine to a solution of phosphorus in bisulphide of carbon. It forms 
crystals of a bright orange colour. 

164. Teriodide of Phosphorus, P Is :— Obtained by similar 
method as biniodide. Crystals are dar k red, and deliquesce in air. 
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165. Phospham, HN2P:— Got bypassing gasoons ammonia over 
pentachloride of phosphoras, and heating the product in a cnrrent of 
carbonic anhydride. It is a reddish powder. 

186. Hydride of SUiooo, H4 Si ? '.—Prepared by decomposing 
silicide of magnesiom, by hydrochloric acid. 

167. Sulphide of Sllioon, Si S3 :— Obtained bypassing bisulphide 
of carbon yapour oyer a mixture of silica and carbon. 

168. Chloride of SUioon, Si Ct4 :— Got by heating silicon in 
chlorine. This is a volatile, transparent, and colourless liquid, having an 
acid, pungent odour. 

169. Bromide of Silioon, Si Bri :— I^repared^ in the same manner 
as the chloride. 

170. Hydroohlorate of Silioon, Sia H* Clio:— Obtained by passing 
dry hydrochloric acid over heated crystallized silicon. This is a faming 
and colourless liquid. It is inflammable, and burns with a greenish flame. 
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P-A.RT II. 



METALS. 

171. Classification of Metals. 



ALKALIES. 
PotaBfiinm, Sodium and Lithium. RuUdivm and CcMtmn. 

ALKALINE EARTHS. 
Barimn, Strontimn and Galciam. 

EARTHS. 

Alummum, Olvdnvm, Zirconium^ Thormum^ Yttrium^ 
ErUumy TerUumj Cermm^ Lanthanum, and IMymium. 

MAGNESIAN METALS. 
Magnesimn, Zinc, and Cadmium. 

ANALAGOUS TO IRON. 

Iron, Manganese, Cobalt, Nickel, Uranium, Chromium. 

ACID FORMERS. 

Tin, Arsenic, Antimony, Bismuth, Tungatm, TUaniuan 
ColumHum, Tantalum^ Molyldmum, Vanadium. 



OLASsmoAjnaa of uetals. 73 

METALS. 
Copper, Lead, Thallium. 

NOBLE METALS. 

Gold, Silyer, Mercury, Platinum, Palladium^ Rhoditm^ 
Rufhenium, Osmium^ Iridium. 

MiLLEB's Elements of Ohemistbt. 



Potassium and its Compounds. 

K = 39.1; Sp. Gr., 0.865; Fiuing-pt., 144°.5. 

172. Potassium is found in the following natural sub- 
stanoes,/0^^r, mica, n^'^^, sea-water, and salt deposits, &c. The 
metal is obtained by decomposing carbonate of potassium with 
charcoal, at a great heat. Crude tartar (acid tartrate of 
potassium) is well dried in a crucible; it is afterwards with- 
drawn, broken into small pieces, and put into a wrought 
iron retort; it is then heated to a reddish white heat, when the 
potassium is evaporated, and condensed in a yessel containing 
naphtha ; it is furnished pure by redistillation. 

Ki COs + C2 = K2 + SCO. 

This is a silver-white metal; can be cut with a knife; it readily 
oxidises in air or water, and hence is kept in benzol or naphtha; 
when thrown on water it immediately takes fire and bums 
with a violet flame; the reaction is thus shown — 

2Ha -t- Ka = 2KH0 + Ha 

Discovered by Davy in 1807 ; unites with chlorine, sulphur, 
and other metalloids. 
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173. Oxides of Potassium.— There are three oxides 
of this metal : — 

1. Potash, or Potassium Monoxide KjO 

2. Deutoxide of Potassium, or Potas. dioxide ...KjO,* 

3. Peroxide, or Potassium tetroxide Ka04t 

174. PotaBh— K2O = 94.2.— This may be got by heating 
potassium with equivalent quantity of the hydrate, when the 
following reaction takes place : — 

2KH0 + K, = 2KK0 + Hs 
It may be obtained too by exposing potassium to dry air or 
oxygen. This is a white caustic substance which fuses when 
heated to redness ; when water has been added to it, heat will 
not expel it. 

175. Hydrate of Potash or Oaiistlc Potash, 

KHO = 56.1. — This is prepared by boiling 1 part carbonate 
of potassium in 12 parts of wat^r, and adding about half as 
much caustic lime as carbonate of potassium : 

K2 CDs + CaHa Os = 2BLHO + Ca CO3 
On evaporating the liquid, the caustic is obtained, which, 
when fused, is a white and hard substance ; it dissolves in half 
its weight of water; it has a burning taste; is a powerful 
cautery, destroying in a short time animal and vegetable 
bodies; the solution is best clarified by decanting ; it is a most 
useful reagent, and is employed extensively in the arts of soap- 
boiling, glass-making, &c. 

176. Liquor Fotassse contains about 6 per cent, solid 
hydrate, and has a sp. gr. of 1.058. 

• Fonned by oxidation of potaBrimn in dry air. 

t Obtained by lieating potaasinm in a cnrrent of dry air. and aftenraroa in toftt of 
oxygen. 
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177. Oapbonate of Potassium, K^ CO, = Sp.Gr., 2.207. 
This salt is obtained from the ashes of plants; plants are 

burnt in pits; the ashes are lixiviated; on evaporating the 
solution to dryness, the potashes of commerce are obtained ; 
these calcined yield pearlash; by heating to redness in a 
crucible, cream of tartar and nitre, a more pure carbonate may 
be obtained. The salt is alkaline and deliquescent; 100 parts 
of water at 60^ dissolve 90 of the salt; it fiises at a red heat, 
and at a very high temperature volatilizes. Is largely used in 
manufacture of soap and glass. 

178. Bioarbonate, or Aoid Oarbonate of Potas- 
sium, or Hydric Potassium Carbonate, KHCOs. Sp. Gr., 
2.05. This is prepared by passing carbonic acid through a 
strong solution of carbonate of potassium ; the bicarbonate 
crystallizes, forming right rhombic prisms. It is a white salt, 
used extensively with citric or tartaric acid for effervescing 
drinks; has no alkaline reaction on turmeric paper. 

179. Nitre, Saltpetre, or Nitrate of Potassiuiii, 
KNOs. Sp. Gr. 2.07. This salt is met with naturally on, or 
near the surface of the soil, in many parts of the East Indies ; 
by lixiviating the soil, and allowing the solution to stand, the 
salt is obtained in crystals. In France, Prussia, Sweden, &c., 
nitre has for some time been prepared a/rtificially by a process 
of nitrification. Heaps are formed of wood ashes, animal 
matter, and lime; the heaps are covered so as to admit the air, 
but exclude ram ; they are at intervals watered with liquid 
manure and turned over; on washing the earth, nitre is got in 
crystals from the solution ; the process of niitificationf it is 
thought, arises from the slow combination of atmospheric 
oxygen and nitrogen; in the nite plantations of Prussia, one 
cubic foot of earth furnishes 20 ounces of nitre. 
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Properties. — Saltpetre dissolves in about 7 times its weight 
of water at 32**; it is a powerful oxidising agent; when fiised 
and cast in moulds, it is known in commerce as sal pruneUe; 
the taste is cooling ; fulminating powder is formed by a mixture 
of 8 parts nitre, 2 carbonate of potassium, and 1 sulphur ; 
nitre is decomposed at a red heat, giving off oxygen. 

180' Gunpowder consists of a mixture of nitre, charcoal, 
and sulphur, in different proportions, according to the purpose 
for which it is prepared. Common gunpowder contains the 
following per centages — saltpetre 75, charcoal 12.5, and sul- 
phur 12.5. These substances are mixed, made into a paste with 
water, and ground; it is afterwards pressed, forming ^^s eake^ 
then broken [into small pieces; sifted, and finally glazed by 
revolving in a barrel. The explosiveness of gunpowder depends 
upon the sudden formation of nitrogen, carbonic anhydride, 
and carbonic oxide, occupying 1500 times the space of the 
gunpowder used. The following equation is thought to repre- 
sent the reaction when gunpowder is fired — 

Sa + 6C + 4KN03= 6CO« + 2Na+2KjS. 

A cubic foot of good gunpowder should weigh about 58 
pounds; 2 ounces of it when explo ded in a mortar Sin. diameter, 
and placed at an angle of 45**, should throw a 68 pound shot 
about 270 feet. 

181. OUorate of Potassium, KOIO. = 122.5; Sp. 

Gr., 1.9S. This is obtained by the method described {Par. 65). 
A more economical method is to pass chlorine into a mixture 
of milk of lime and carbonate of potassium; the result is the 
formation of carbonate of lime, chlorate of potassium, and 
chloride of potassium; by adding water, the two latter are 
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separated from the fonner, and chlorate of potassiimLCiystallizes 
out. This salt is the commonest source of oxygen; it fdses 
between 400' and 500**; soluble in 18 parts cold water, and in 
2.5 boiling water; three parts chlorate and one sulphur, when 
rubbed in a mortar, detonate; is used chiefly for Imifer matches 
{Par. 109), and as an oxidising agent; whih gunpowder is a 
dangerous mixture of chlorate of potassium, ferrocyanide of 
potassium, and sugar; used for llastmg. 

182. Peroblorate of Potassium, ECIO4. This salt forms an- 
hydrous prismatic needles; is got as described {Par. 67). 

183. Ohlorlde of Potassium, KCI. Sp. Or. 1.99. This is 
obtained from help, and is nsed in the mannfactore of alnm. May be got 
by dissoMng potash or its carbonate in hydrochloric acid, and evaporating 
to dryness. It dissolves in three parts of water; a natural compound of 
chloride of potassium and magnesium is found near BCagdeburg. 

184. Bromide of Potassium, E Br; Sp. Gr. 2.67. This is a 
very soluble salt, obtained in white crystals; it is prepared by decomposing 
bromide of zinc, or bromide of iron, by carbonate of potassium; it may 
also be got by adding bromine to caustic potash, and decomposing the 
bromate by sulphuretted hydrogen. 

2K BrOa + 6Ha S;= 2K Br + 6H2 + 3Sj. 

186. Iodide of Potasslxun, KI. Sp. Gr., 8.05. This 
salt is got wheu caustic potash is geutlj warmed, and iodine 
added, and the solution afterwards eraporated, and careftilly 
ignited. 

8ls + 6KH0 = 5KI -f ElOa + SHs O. 

This salt is a useful medicine; is very soluble in water ; has a 
cooling and somewhat bitter taste. 

186« Fluoride of Potassium, EF; Sp. Gr., 2.45. Got by 
neutralising hydrofluoric acid with a solution of caustic potash. This salt 
corrodes glass and is alkaline. 
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187. Sulphides of Fotassiiun. ProtondphideofPotassiumfMi. j 
Obtained bj heating in an exhausted tube snlphor and potassinm. A 
miztnro of two parts sulphate of potassium, and one lamp-black heated, 
yields a p^rophorvs, which is composed of the protosolphide of potasdnm ! 
andchait^. Bitulphide of Pottunum, (Ks&s) is obtained bj heating 
four parts potassium with three of sulphur. Ter sulphide of Potassium 
( Ks §3 ), is got by passing the vapour of bisulphide of carbon over carbonate 
of potassium, at a red heat Liver of Sulphur is a mixture of this sulphide 
witii sulphate of potassium. Tetrcuulphide of Potassium ( K2 S4 ) is got 
when the yapour of bisulphide of carbon is passed over heated sulphate of 
potassinm. PentOMulphide of Potattium, Et Ss is obtained by boiling 
caustic potash and an excess of sulphur together. 

188. Snlphite of Potassinm, (E2SO3) is formed by passing 
excess of sulphurous anhydride into a solution of potash. 

189. Sulpliates of PotaBSium, Normal SulphaU of 
Potassium^ (Ka SO4). This is produced when snlphnric acid 
is added to a strong solation of potash. It has a bitter and 
saline taste. Acid Sulphate^ or Bisulphate of Potassium^ or 
Hydric Potassium Sulphate (KH SO4). This remains when 
nitric acid is prepared from nitrate of potassinm. At a red heat 
it giyes off sulphuric acid, sulphurous anhydride, and oxygen. 

IQO. lodate of Potassium, K IDs. Obtained in preparation of 
Iodide of Potassium. 

191. Potassiamide is got by heating potassium is gaseous ammonia. 
It is an olire coloured and deliquescent substance. 

192. Phosphide of Potassium, E P, is formed when phosphonis 
and potassium are heated out ot contact of the w. It deooniposes water. 

193. Cyanide of Potassium, K Cy . This is prepared 
by heating in a crucible 8 parts anhydrous ferrocyanide of 
potassium, (yeL prus. of potash), and 3 dried carbonate of 

potassium. 

Cy» FeK* + Kj CDs = 5(K qy)+ K QyO + Fe + COa 

This is a'yery poisonous compound; is a powerful redndng 
agent; is very soluble; has a pungent and alkaline taste. 
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104. Cyanate of Potassium, K^CyO, is prepared bj fanng in a 
crucible, cyanide of potassium and oxide of lead (litharge). 

KCy + PbO = K CyO + Pb. 

It tastes like saltpetre and is anhydrous. 

196. FerpoQyanide of Potassium, (^ Telhw Prussmte 
of Potash^ (K^ Fe Cjs, 3H,0), is obtained by heating in a 
covered pot, 5 parts animal refuse, 2 parts pearl ash^ and iron 
filings; ^hen cold water is added, it dissolyes out the salt; 
it forms permanent yellow octahedral crystals; it is not 
poisonous; has a sweetish saline taste, is a nseM reagent, 
andisextensiyelynsed by calico printers; with ferric salts it 
gives Pruman him. 

196. Ferrioyanide of Potassium, E, Fe Cy^, or 
Eed Prussiate of Potash is got by passing chlorine through a 
solution of yellow prussiate ; when the solution is evaporated, 
red prismatic crystals separate. The crystals bum with bright 
scintillations; are anhydrous^ and require 3.8 parts of cold 
water to dissolve them. 

197. SDicofluorlde of Potassium, 2KF, 81^4, is formed when 
hydrosilicoflnoric acid is added to a salt ot potassium; one of the most 
insoluble salts of potassium. 

108. Nitrite of Potassium, E NOs, is a white salt got by decom- 
posing saltpetre at a red heat, diasolying the residue, and alter the unde- 
composed nitre has crystallized, eyaporating the solution. 

109. Silicates of Potassium are formed by fusing silica and 
potash. Used in manufacture of glass. 

200. Neutral Oxalate of Potassium. C K3 O4 . Hs O :— 

Got by the neutralisation of a hot solution of oxalic acid, by carbonate of 
potassium. It is a transparent, crystalline, and neutral salt 

201. Blnozalate of Potassium, or Salt of Sorrel, Q2 HKO4 : 
Obtained by the partial neutralisation of oxalic acid, by carbonate 
of potassium. Transparent crystals are formed, which redden litmus and 
haTe a sour taste. 
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902. Quadroxftlate of Potassium, C4 Hs EOs . s Hs O:— Pre- 
pared by satnratiiig one part oxalic acid, with carbonate of potassium, after- 
wards adding three parts oxalic acid. White acid crystals are thns obtained. 

203. Nentral Tartrate of Potassium, K^ Ci H4 Oa . 2 Hs 0: 
— Got by treating a solution of acid tartrate of potassium with chalk. 
This is a neutral, white salt. i 

204. Aoid Tartrate of Potassium, or Oream ot Tartar, 
S$ H, Gi H4 Oo :— This is obtained from argol or crude tartar by boiling it 
with pipeclay and filtering. This is a white salt. 

206. Tartrate of Potassium and Antimony, or Tartar 
Emetio, E, Sb, C4 Hi O7 . 3 H2 O :~Got by boiling a solution of { 
teroxide of antimony with cream of tartar. This is a white salt with a 
nauseous taste. 

206. Tartrate of Potassium and Sodium; Rochelle or 
Selgnette Salt ; E, Na, d H4 Oe . 4 H2 O :— Prepared by the nea- 
tralisation of cream of tartar, by carb..nate of sodium. It is a crystaUine 
body, used as an aperient. 

'207. Tests for Potassium and its Salts— 

1. Strong alkaline reaction. 

2. Brown pp. with nitrate of silyer. 

3. Crystalline pp. with tartaric acid. 

4. Yellow pp. with platinic chloride. 

5. Violet colour to a smokeless flame. 



Sodium and its Compounds. 

Na = 28; Sp. Gr. 0.972; Fusing Pt., 207°.7. 

208. Sodium was discoveredbyDayy in 1808; got by mixing 
carbonate of sodinm^ powdered charcoal and chalky and then 
heating in iron retort, when the metal distils over ; it is pro- 
duced more readily than potassium. 
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It has a blnish white colour; decomposes water, and if the 
water is hot, the liberated hydrogen and sodinm raponr will 
bum with yellow flame; it is very similar to potassium; is 
found abundantly in nature with chlorine, forming common 
salt, (Na CI) ; forms with acids a great variety of salts. 

209. Oxide of Sodium, Soda, or Sodio or Bi- 
sodic Oxide, (Na|0). Formed by exposing sodium to dry 
air or oxygen; it is a white substance like anhydrous 
potash. 

210. Hydrate of Sodium, Sodio Hydrate, Oaus- 
tic Soda, or Monosodie Oxide, (NaHO). Oot by 
adding milk of lime (Ga H, O,) to a solution of carbonate of 
sodium; process similar to that for potassic hydrate. 

It is white, deliquescent, and very alkaline ; dissolves 
readily in water; used extensively in manufacture of hard 
soaps; a solution having a Sp. Gr. of 1.56 contains 41.2 p. c 
anhydrous soda. 

211. Chloride of Sodium, Sodio Chloride, or 
Common Salt, (Na Gl). Sp. Or. 2.07. Found in sea 
water to the extent of 2.7 p.c., or 4ozs. per gallon ; obtained in 
South of Europe by evaporating sea-water in shallow pools near 
the sea; salt thus obtained is called bay salt; met with as roei- 
saltin Gheshire^Poland, Spain, &c; near fTorthwich in Cheshire, 
two beds occur, measuring together about 60 feet in thickness, 
300 yards broad, and a mile and a half long ; rock-salt dissolved 

, in water, and afterwards evaporated, yields common table salt. 
Common salt has a saline taste ; is anhydrous ; forms colour- 

i less crystals; soluble in 2.7 parts cold water; ftises at a red 
heat, and is converted into vapour beyond that ; generally 
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contains chloride of magnesinm and calcium, and hence deli- 
quesces in air. 

Used extensively for preparing other salts of sodium, for 
salting meat, domestic purposes, &c. 

212. Sulphate of Sodium, Sodio Sulphate, or 
Glauber's Salt, Na, SO4+ 10 H3O = 322; Sp. Gr. 
Anhyd. 2.597, Crys. 1.469. This is obtained by the action of 
oil of vitriol on common salt. 

(1). 2 Na CI + H3 SO4 = Na CI 4. Na H SO, + HCl. 

(2). Na CI + Na H SO4 = HCl + Na^ SO4. 
May be got anhydrous by heating ordinary salt onr a sand 
bath. A third form contains 7 parts of water. The common 
sulphate is slightly purgative ; its taste is saline ; contains 
55.91 per cent, of water, 24.84 of acid, 19.24 of soda; 8 parts 
common sulphate, and 5 of hydrochloric acid form a freezing 
mixture; a boiling saturated solution may remain uncrystallized 
several weeks, if air is excluded whilst cooling,but when poured 
out, it suddenly congeals ; carbonate of sodium is manufactured 
from impure sulphate known as sali-cake. I 

213. Aoid Sulphate of Sodium, NaH SO4. Got by 
adding sulphuric acid to hot solution of sulphate of sodium. 

214. Carbonate of Sodium, or Sodio Oarbonate, 
Na, CO3, lOHjO = 286; Sp. Gr. Anhyd. 2.509, Crys. 1.454. 
Composition of 100 parts dry, NajO, 58.49, CO,, 41.51; Crys. 
H,0, 62.93, NajO, 21.68, CO,, 15.39. 

This is manufactured from sulphate of sodium, 3 parts 
sulphate of sodium, 3 chalk and 2 of coal are mixed; a charge 
of 2i to 5 cwts. is thrown into a reverberatory furnace, and 
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stirred until completely melted; this, when drawn out, forms 
lall soda^ containing 20 to 27 p. c. of soda ; the ball soda is 
digested for about 6 hours with water not exceeding llOo 
temperature; the solution is afberwards evaporated, and the 
residue roasted with l-7th its weight of sawdust, when the 
sulphur escapes as sulphurous anhydride ; this is again dis- 
solved, and furnishes the crystallized carbonate of commerce ; 
it contains about 56 p. c. of caustic alkali. The reaction in 
this manufacture may be represented by this equation: — 

Na^ SO4 + 9C2 + Ca CO3 = CaS + 4C0 + Naa COg 

It generally contains sulphuric acid and chlorine ; it is alkaline? 
has a disagreeable taste ; very soluble in water ; melts at 
a red heat. 

gl5. Acid Carbonate of Sodium, or Bicarbonate 

of Soda, Na H CO3 = 84 ; Sp. Gr. 2.192. 

Got by passing carbonic acid into a strong|solution of neutral 
carbonate. 

Nai CO3 , IOH2 O + CO2 = 2( Na H COa ) + 9(H2 0) 
It forms rectangular four sided prisms, requiring 10 parts of 
water for solution. 

S16. Sesquicarbonate of Sodium, 2Na2 COj, 
H2 COs, 3H,0 = 328. 

Found on borders of lakes in Egypt and some other countries, 
and commonly called troruij or natron; is slightly alkalme? 
more soluble than bicarbonate, but not so much so as- 
carbonate. 

217. Phosphate of Sodium.— Normal Tribasic, Nas PO4 -h 
12H2 O = 380 ; Sp. Gr. Crys. 1.622. 



84 BOKAX. 

Obtained from rhombie phosphate by making a solntion of it» and 
adding canstic soda until it is soapy ; aystals are formed in the liqnid in 
«mall prisms. 

218. Rhombic Fhoaphate of Sodium, Nas H PO4 + i^H2 
= 358; Sp. Gr. Ciys. 1.586. 

This is best procnied by neutralizing the acid phosphate of calcinm, 
w ith carbonate of sodimn; the clear liquid is remoyed and furnishes crystals, 
having the form of large rhombic prisms. The crystals are alkaline to 
test paper and dissolye in 4 parts cold water; has a slightly saline taste; 
gives a yellow pp. with nitrate of silver. 

219. Borax, Aoid Borate of Sodimn, or Bibo- 1 
rate of Sodium, Na,0, 2B, C 10H,0 = 382; Sp. Gr. I 
fused 2.367, Crys. 1.740; Composition, dry Na,0, 30.7, B,0» 
69.3 p. c; crys. Na,0, 16.23; B, Os, 36.65 ; H,0, 47.12 p. c. 

This salt was largely imported from India ander the name 
•of Uncal; is now manufactured by heating erode boracic add 
with half its weight of carbonate of sodium. It has a some- 
what alkaline and cooling taste ; it crystallizes in transparent 
prisms which are slightly efflorescent; dissolves in 2 parts of 
boiling and 1 2 cold water; it loses its water of ciystallization 
when heated; at a | red heat it becomes a transparent glass, 
which dissolves many metallic oxides; the borax ^60^ is coloured 
blue by cobalt, violet by manganese, and green by iron, copper, 
and chromium ; is used in solchrmg, and in the preparation of 
glazes for earthenware. 

820. Nitrate of Sodium, or Oubio Nitre, Na KO, = 
^5; Sp. Or. 2.26. Occurs a few feet below the soil in the 
district of Atacama in Pero; may be obtained by nentralizing 
carbonate of sodium with weak nitric acid. It is soluble in 
three parts of water at 60^; forms obtuse rhombohedra crystals; 
is used in manufacture of nitric and sulphuric adds, and in 
preparation of fireworks. 
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22L Staphlte of Sodium, Na SOs . 7Hs O :=: 859; 8p. Gr. 1.736. 
Obtained bj exposing moistened crystals of carbonate of sodium to salpha- 
rons anhydxide, and then dissolving in water, when the sulphite crystallizes 
oat. 

Nat COs + H, O + SO, = Na, SOs + Hj O ,+ CO. 
It forms oblique prisms; it is soluble in 4 parts cold water; has a sulphur- 
ous taste and smell, and reddens yegetable blues. 

Add Sulphite of Sodium ( NaH SOa ) may be got in a crystalline 
form. 

222. Hyposnxlphlte of Sodium, Na. Ss Hs O4, 4Hs 0. Got by 

boiling sulphite of sodium with sulphor. 

Naj SOs -h 8 4- H, O = Na, S, O3 + Hj 0. 

It is a white neutral salt; is very soluble in water; dissolves iodine; is used 
as a fixing agent in photographjf. 

223. Snlphides of Sodium. There are 5 sulphides, which are 
obtained by similar methods as sulphides of potassium. 

224. Acetate of Sodium, Na Cs Hs Os + 3Hs O. Obtained by 
adding acetic acid to solution of carbonate of sodium. It is a white neutral 
salt; is used as a reagent. 

225. Iodide of Sodium. Na I. Occurs in sea water; obtamed 
from kdp, the ashes of marine plants. 

226. Bromide of Sodium, Na Br. This is simiUr to bromide of 
potassium; it is soluble in water and alcohol. 

227. Trlbasio Phosphate of Sodium, Ammonium and 
Hydrogen, or Miorooosmio Salt, NaH^ , NH, PO4, 4H2 O. Gk>t by 
mixing with hot solution of 6 parts phosphate of sodium, a solution of I 
part chloride of aounoninm. It is tised as a flux for blow-pipe experiments 

228. Carbonate of Sodium and Potassium, E Na COs, 6HsO. 
Got by fusing the component salts. 

229. Sulphate of Potassium and Sodium, Na Es 2SO4. Ob- 
tained by dissolving the component salts in water and evaporating. It is 
anhydrous; is found on sides of crystallizing vats in manu&cture of iodine. 

Silioates of Sodium. {See Glan, Par, 133, ^c.) 

230. Tests. — !• The presence of sodium is shown when 
there is a residue on evaporating a liquid, in which it has been 
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found that no other metal exists, and when this residue yields 
yellow crystals, with perchloride of platinum. 

2. Blmetantimoniate of potassium when freshly prepared 
gives pp. 

8. Blowpipe flame intensely yellow. 



Lithium, and its Compounds. 

L = 7; Sp. Gr., 0.593; Fusing Pt. 356°. 

231. Lithium hasnotbeenlong known; it is found in nature 
with alumina, silica, <&c., in these minerals, kpidoUte, triphamj 
and petalite. It is obtained from its chloride by electricity. It is 
the lightest solid known. It is harder than potassium, and 
has a white colour. 

238. Oompounds of LltMum— 

Lithia L^O 

Chloride of Lithium L CI, 2H2O 

Sulphate of Lithkim L, SO^ H,0. 

Phosphate of Lithium Lj PO4 

Carbonate of Lithium L, COg 

233. Tests. — 1. Giyes a white pp. with Carb. of Potassium. 

2. Giyes a pp. with Phosphate of Sodium. 

3. Purplish red colour to blowpipe flame. 



Ammonium, and its Compounds. 

234. Ammoniumisan hypothetical compoundrepresented 
by- H4 N. When a strong solution of sal ammoniac (chloride of 
annnonium) is added to potassium or sodium amalgam, the mas 
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swells ont to 8 or 1 times its original bulk, retaining its metallic 
appearance. This substance will crystallise at O^F. It 
is generally believed that this body is a compound of mercury 
and ammonium. (H4N}. The salts of ammonia are under- 
stood to consist, not of gasecms amnumiaf but of this body in 
combination with an oxyadd, or a halogen. {See jpa/r. 21 & 
27.) 

236. Ohloride of Anunoniuin, H^ NCI. Sp. Gr. 
1.57. Mol Vol. of Vapour l^^j. This is usually called Mu- 
riate of Ammonia, or Sal Ammoniac. It was formerly obtained 
in Egypt by distilling camePs dung. It is now procured from 
gas works chiefly, being furnished abundantly by neutralizing 
the ammoniaeal Hqmr with hydrochloric acid. The liquid is 
then evaporated, after which it yields rough crystals. These 
crystals are then sublimed in an iron pot, when the salt is 
deposited on the cover in octahedral crystals. 

Properties. — This salt has a sharp taste; is very soluble in 
water; the crystals are tough and fibrous; is frequently used in 
freezing mixtures; it sublimes when heated without decom- 
position; is anhydrous; used in tinning, dyeing, &c. 

236. Sulphate of Ammonium, (H4 N), SO4. Sp. Gr. 
1.69. This salt is got by distilling gas liquor, and condensing 
the ammonia which is given off, in sulphuric acid. It is also 
readily furnished by adding sulphuric acid to sesquicarbonate of 
aoimonium. It forms flattened prisms; has a sharp taste; is 
soluble in twiceits weight of cold water; heated to between 
5000 and 600® it is partially decomposed, yielding sulphite of 
ammonium. It has been used of late to render muslins, &c. 
non-oombnstible; for this purpose they are dipped in a solution 
containing 10 per cent, of the salt. 



^8 NITBATE OF AMUONIUU. 

287. There is an Aoid Staphate of Ammoniiua, 

[ (O4 N)a H 2SO4] ; also a Double Sulpliate of Sodiim 
and Ammonium (H^ N Na SO4, 2H,0). 

288. Nitrate of Ammonium, H4 N NO,. 8p. Gr., 
1.88. This salt is furnished by adding nitric add to sesqni- 
carbonate of ammoninm. It has a bitter taste; in dissolying. 
it occasions a great fall in temperature, and hence is used for 
freezing mixtures; melts at 226<^; at 480o is decomposed, 
yielding nitrous oxide and water; soluble in less than its own 
weight of water. 

239. Sesquioarbonate of Ammonium, srh^N), 
OOj] COj. This is the vmlling salts of commerce. It is pre- 
pared by heating to redness one part chloride or snlphate of 
ammonium, and two of chalk; after water and ammonia haye 
been disengaged, the sesquicarbonate distils over and solidifiefl 
in the neck of the retort: — 

6H NCI 4- 3Ca C0» = 8Ca CI, +2[(H4 N), COs ] CO2 + 2H, N+H, C 
This is a fibrous substance, haying a caustic taste, and strong 
ammoniacal smell; is conyerted into the acid carbonate 
by exposure to air; it is yery yolatile and strongly alkaline. 

240. Aoid Carbonate, or Bicarbonate of AmmoniTun, H4N 
' HCOa ; Sp. Or. 1.58. This salt is got from the sesquicarbonate by heating 

it Willi boiling water, then corking the vessel and leaving it to stand. It 
forms lai^ crystals belonging to the right prismatic; is soluble in 8 parte 
of cold water. 

241. Normal Carbonate of Ammonium, (EU N)] COd. This 
salt has never been isolated; its aqueous solution may be got in combination 
with the add carbonate. 

242. Protosnlphide of Ammonium [(Hi N)3 S]. The existence 
of this is doubtful. 

248. BisnlpMde, or Bisnlpliide of Ammonium. (H4 NH Ss, 
may be obtained in large yellow crystals, when sulphur fuiid dzy 
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mxe iMSMd throagh a red-hot porcelain tabe. The Fuming Liquor of BoyU 
is obtained b^ dUtilling 1 part ralphnr, 2 parts sal ammoniac, and 2 to 3 
parts quick hme. There are sereral other Salphides of Ammoninm : — 

Trisnlpliide (BU N)s Sb Tetrasnlplilde cH* N), S< 

Pentasnlpliide (H« N)s 85 Heptasalphlde (£U N), 87 

244. Nitrite of Ammonitun, H4N NOs. Obtained bj donble 
deooropoeitlln of nitrite of lead, and sulphate of ammoninm. Heat^lecom- 
poses it into nitrogen and water. 

246. Kormal Aoetate of Ammoniiun, Ha N, Oi H^ Os, is got 
by satniating glacial acetic add with AmmnTn>. 

246. Aoid Acetate of Ammonjnm, HaN^QsHsOs + C^HaOs 
ia prepared when chloride of ammoninm is treated with an equal weight 
of acetate of potassium. 

247. Normal Oxalate of AxnmonitLm, (EU '&)% Ct O4 + Hs 0. 
Prepared bj neutralising oxalic add with anmionia. It forms long prisms 
which am solnble in 3 parts of cold water. 

AoidOzalate (H4 N, H Qs O4 +Hs 0) is got in crystals, by adding 
oxalic acid to a solution of the JNornud salt, and Quadrozalate is pro- 
cured by crystallising a solution of equal parts of oxalic add and acid 
oofalaie. 

Tests. See Ammonia, Par, 43. 



Rubidium^ and its Compounds. 

848. Bubidium, (Bb = 85.36; Sp. Gr., 1.52,) was dis- 
covered in 1860 by Btuisen and Eiichhoff; is found in 
small quantitieir in lepidolite, in certain mineral springs^ 
beet-root^ tobacco, &c.; it is precipitated With caBsimn 
from solutions containing it, by perchloride of platinmn; the 
chlorides are then converted into sulphates, and reduced to the 
caustic state by baryta water; with carbonate of ammoninm 
they are form^ into carbonates, and ca&sium is separated from 
rabidinm as carbonate, by boiling alcehol. Rubidium is a 
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sQyer-white metal; soon tarnishes in air, forming a blue sob- 
oxide; bums like potassinm when thrown on water; at 14oiti8 
soft; it melts at 101o.3. 

249. Compounds of Babidlum :— 

Eubidia or Protoxide of Eubidium Eb,0. 

CJhlorideof „ Rb€ll. 

Sulphateof „ BbjSO^ 

Nitrate of „ Eb NO3 

Carbonate of „ Eb^ COa. 

250. Tests.— Similar to those of potassium. 1. The 
chloride of Bb. and Pt. is less soluble than the chloride of E. 
andPt. 

2. In the spectroscope it shows two characteristic lines in 
the red, and two in the dim. 



Csesium^ and its Compounds. 

251. Caesilim, (Cs = 183,) was discovered by Bunaen and 
Eirchhoff at the same time as rubidium; a ton of Duickheim 
water yielded 3 grains of Chloride of Cs. ; this metal is obtained 
with rubidium as described in the preceding par. This metal 
decomposes water setting free hydrogen. 

262. Oompounds of CsBSiam ;— 

Csesia ^ .CSfO. 

Chloride of Caesium Cs CI. 

Sulphateof „ Cs, SO4. 

Nitrate of „ CsNO,. 

Carbonate of „ Cs, CO3. 

Chloride of Pt. and Caesium 2Cs CI, Pt {X 
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263. Test. — ^Only distinguished from rubidium and potas- 
sium, by 2 greyish blue lines in spectrum, from which the 
metal derives its name. 



Barium, and its Compounds. 

264. Barium, (Ba = 137 ; Sp. Gr. 1.5 ) was first 
obtained by Davy, in 1808, by electric decomposition of 
its oxide ; may also be prepared by passing the vapour 
of potassium over red hot baryta in an iron tube; and 
then extracting the barium by mercury. It melts below red 
heat; is yellowish white; oxidises on exposure to air ; decom- 
poses water rapidly at common temperatures, and glass at a 
red heat; it bums with a red light when gently heated. 

266. Baiyta, Oxide of Barium or Bario Oxide. 

Ba 0. This is got by exposing the pure nitrate of barium to 
a red heat in a large crucible; 

Ba (ISrOs )3 = BaO + N2 Os + O2 
May also be obtained by heating the artificial carbonate of 
barium to a white heat. It is a grey porous body, having Sp. 
Gr. of 5.4; very poisonous; strongly alkaline; it readily absorbs 
water, forming a white hydrate, and giving off great heat. 

256. Hydrate of Barium or Bario Hydrate, 
(BaO, HjO). Obtained from sulphide of barium by boiling its 
solution with oxide of copper — 

6BaS + 6H2 O + SCnO = 6(Ba0 Hj O) + BaSj E2 O4 + 40u2 S. 

May also be got, by adding an equivalent quantity of nitrate 

of barium to a boiling solution of caustic soda, of Sp. Gr. 1.12. 

The crystals dissolve in 20 parts cold, and 3 parts boiling water*, they 

contain 8 parts of water, and hence are represented by BaO Us 0, 8H2 O; 
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by heat the S parts of water may be expeDed; the crTBtala and sdlutian 
absorbs carbonic acid from air. 

257. Peroxide of Barinin, Binozlde of Barianiy or Bario 
Peroxide BaOs. Procured by passing oxygen oyer anhydrous baiyta, 
or by heating together 1 part chlorate of potassium and 4 baiy ta — 

3BaO + KClOs = KH + 3BaO«. 
When anhydrous it is grey; put in cold water it becomes white; does not 
giye out heat but combines with 6 parts of water, BaOs 6Hs O; it (BaO*) 
bums with greenish flame when heated in hydrogen. 

268. Bulpliide of Barium or Bario SnlipMde, BaS. It may 
be obtained by mixing the powdered sulphate of barium with ^ its weight 
of powdered charcoal, and a little oil forming a paste, then heating in a 
crucible for an hour. i 

Ba SO4 + 4C = BaS + 4C0. 
It forms hydrated crystals; is yery soluble in hot water; absorbs oxygen 
and carbonic acid from air, forming carbonate and hyposulphite of barium. 

269. Other Sulphides of Bariom;— Hydrated Sulphide of 
Barium Ba2 S . SHa O; Sulphydrate of Barium, Ba HS; Trlsul- 
phide of Barium, Bai S3 ; Pentasulphlde of Barium, Bas Ss. 

260. Chloride of Barium Ba Gl, 2H,0. This is pre- 
pared either from the natural sulphate, or carbonate of barium; 
if from heavy spar, (the sulphate) 2 parts of that mineral are 
heated to redness, with 1 part chloride of calcium for an hour, 

Ba, SO4 + 2Ca CI = Ca« S0< + 2Ba CI; 
the chloride is separated by dissolving the mass with hot water 
and filtering. 

Asolutionof this salt of barium is commonly used to test 
for sulphuric acid ; it gives with that acid, or solutions con- 
taining it, an immediate pp. insoluble in nitric add. 

261. SUioofluoride of Barium, Ba Fs, Si Va. This is got on 
adding to a salt of barium, silicofluoric add. Ignition decomposes it. 

262. Sulphate of Barium, Ba SO4; Sp. 6r. 4.59. 

This is the commonest mineral of barium^ and is generally 
known as heavy spar; it is obtained when chloride of barium 
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18 added to a solntion of a sulphate. It is insolnble in water, 
and acids; is used as a permanent fvMte by artists; used also to 
adulterate white lead. 

263, Oaxbonate of Barium, BaCOy Sp. Gr. 4.4. 

This is obtained when the carbonate of ammonium is added to 
solution of salts of barium ; Witherite is the native carbonate 
of barium, found with lead in north of England, &c. 

The salt is prepared on a large scale from the sulphate^ 
which is reduced to sulphide by ignition with charcoal ; the 
sulphide is dissolred, and decomposed by carbonic acid. It is 
a white powder, thus obtained, and has no alkaline reaction on 
TCgetable colours. It is used in the manufacture of glass. It 
is poisonous, and very slightly soluble in water. 

264. Nitrate of Bapium, Ba 2N0„ Sp. Gr., 3.28. This 

is prepared by adding dilute nitric acid to natire carbonate. 

It crystallizes in anhydrous octohedra; has a pungent taste: 

12 times its weight cold, and 4 boiling water dissolves it; a 

tolerably strong solution added to nitric acid gives a pp. of the 

salt; it decrepitates when first heated, and afterwards fuses. 

266. Green Fire is obtained by mixing 40 parts nitrate of barium, 
18 flowers of salphnr, 5 chlorate of potassiom, and 4 snlphide of anti- 
mony, aU in fine powder. 

266. Other Compounds of Barinm; Bromide of Barium 
BaBr; Iodide of Barium Bal; Fluoride of Barium B&F; Ozy- 
sulphlde of Barium, Ba^SO . lOHsO; Phosphide of Barium 
BaP ?; Selenide of Barium Ba2 Se; Baryto-oalotte Ba Ca CO". 

267. Tests, &o., of Barium and its Salts ^*« 

1. A white pp. with alkaline carbonates, and bicarbonates. 

2. A white, insolnble pp. with snlphnric acid, and solnble 
sulphates. 

S. A white pp. with an alkaline hyposnlphite* 
4. A white pp. with phosphate of sodinm. 
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5. A yellowish-white pp. with chromate of potaafflum. 

6. No pp. with oxalic add. 

7. A pp. with silicofiaoric acid, distinguishing it from 
Strontia. 

8. A yellowish-green flame. 

9. In spectroscope, the spectmin presents bright bands in 
green, and fainter bands in the red. 

All the soluble salts are powerful poisons, and have an un- 
pleasant taste; sulphate of sodium, or magnesium is an antidote. 



Strontium, and its Compounds. 

2d8. Strontium, (Sr = 87.5; Sp. Gr., 2.54) derives 
its name from Strontian in. Argyleshire, where the carbonate 
was first found. It is not so abundant as barium. The native 
compounds, most commonly met with, are the carbonate and 
sulphate. The metal is obtained by electrolysis from the fused 
chloride, iron being used for poles of the battery. It has a 
grey colour; is malleable; burns in air with crimson flame; it 
decomposes water, giving off hydrogen; is oxidised in air. 

269. Stpontia, op Protoxide of Strontium, SrO, 
Sp. 6r. 4.61. Got from the nitrate by ignition. Slakes when 
mixed with water, forming a hydrate, SrO, H,0 . SHjO ; the 
8 parts of water may be expelled by heat; heat does not drive 
off the remaining atom of water ; the hydrate and its solution 
absorb carbonic acid from air. No peroxide of strontium can 
be obtained, 

270. Nitrate of Strontium, Sr^NO,; Sp.Gr. 2.85. 
(anhyd.) This is procured from native sulphate, by heating 
it with charcoal ; the sulphide, thus formed, is dissolved in 
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water, and decomposed by nitric acid; this salt is soluble in 
5 parts cold water. Used for red Jir$, which consists of 40 
parts fosed nitrate, 13 powdered solphnr, 5 chlorate of potas- 
gimn, and 4 sulphide of antimony. The chlorate and sulphide 
should be separately pounded; it is a dangerous compound, 
having sometimes ignited spontaneously. 

871. Sulpliate of Strontium, Sr SO4; Sp. Or. 3.9. 
This is a natire compound called eelesttne^ having a blue tint; 
found with rhombic prisms like sulphate of barium; the best spe* 
dmens of celestine are found with sulphurin Italy. 1 part of this 
salt requires 3,600 of water to dissolve it; slowly soluble in 
chloride of sodium solution. 

272. OMoride of StPontium, Sr CI, . 6H,0 .; Sp. Gr. 
1.6, (cryst). This is procured by dissolvmg carbonate of stron- 
tium in hydrochloric acid, evaporating and fusing the residue. 
A moderate heat renders it anhydrous; is soluble in alcohol; 
of a grey colour and burning taste. 

273. Carbonate of Strontium, Sr COj ; Sp. Gr. 3.65. 
The native compound, Stronticmiie is found near Strontian, in 
Argyle. It has a greenish tint, and is found in radiated 
masses. May be artificially prepared by precipitating a salt of 
strontium, with the carbonate of an alkali. The salt is decom- 
posed by ignition; it is dissolved by a solution of carbonic 
add. 

274. Tests, &o., of Strontium and its Salts :— 

1. Sulphuric Acid gives a pp. slawlt/. 

2. Neither silicofluoric acid nor hyposulphite of sodium gives 
a pp. 

8. Bed flame before blow-pipe, or in Bunsen's burner. 
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4. Eight bright bands in blue, red, and orange, part of 
spectmm. 

The abore distinguish strontia from baryta. 

5. Oxalic add gives slowly a pp. 

The salts of strontium are not poisonous; hare a burning 
bitter taste, and with colourless acids are colourless. 



Calcium, and its Compounds. 

276. Oaloium, (Oa = 40; Sp. Gr. 1.578) is found 
abundantly in nature, forming with oxygen the well-known 
mineral lime. It is obtained from the chloride of calcium by 
electrolysis, using iron poles with the battery. It is a light, 
yellowish metal, harder than lead, malleable, fusible at a red 
heat, and is slowly oxidised in humid air. Bums when heated 
to redness with white light. First shown to be the base of 
lime, by Davy, in 1808. 

276. Lime, Oxide of Oalcium, or Quicklime. GaO ; Sp. 
Gr., 3.18. This is the only oxide of calcium ; is obtained pure 
by exposing the carbonate, or nitrate to white heat for an hour. 
Pure lime is white, caustic and alkaline. It is infusible, but 
promotes the fusion of other oxides; is remarkably luminous 
when heated by oxyhydrogen blowpipe ; absorbs moisture and 
carbonic acid from air, hence a useful dehydrating agent. 

277. Lime Burning : — Lime is commonly obtamed by 
burning limestanef which ie the natural carbonate of calcium, 
in a large cup-shaped kiln; layers of limestone and coal are 
placed in the kiln, and the fire is kindled ; as the lime is burnt 
it is removed from the bottom, whilst alternate layiers of coal 



LIUE, ETC. 97 

and limestone are supplied at the top. This method, called 
the cmtmuom process^ has superseded the old one of renewing 
the charge every 3 or 4 days. 

278. Hydrate of Lime, or Slaked Lime,OaO, H,0. 

Sp. Or. 2.07. This is formed when water is added to quickUme; 
the increase in balk and rise in ^temperatore is occasioned by 
the eombmation of the water with the lime; the heat dereloped 
in slaking large heaps of lime is sometimes snfficient to scorch 
wood. Lime exposed to air absorbs water and carbonic acid, 
and &lls to powder, thus becoming air slaked; it is believed by 
some to have under these circumstances this composition, CaO, 
CO,.CaO, H,0. 

879. Lime-water is obtained by dissolving quicklime m 
cold water; 750 parts of water dissolve 1 of lime ; if lime-water 
be boiled, half the lime will be deposited, shewing that lime is 
more soluble in cold than hot water. This solution is a good 
test for carbonic acid ; by mere exposure to air a pellicle of 
carbonate of lime is formed. 

280. HUkof Lime is water containing the hydrate of 
lime in suspension. 

28L Mortars. These are composed mainly of lime and 
silica. Mortar absorbs carbonic anhydride &om the air, and 
at the same time the lime gradually combines with the silica, 
forming a silicate of lime; these facts, it is thought account 
for the hardening of mortars. 

282. Hydraulic Cements. These are such cements aa 
harden in water. They are prepared in a variety of ways; 
meagre limes, containing clay, afford such a cement when 
bomt; 4 parts chalk, ground in water with I part day, and 
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afterwards dried, and calcined also yield such a cement. The 
hardening seems to depend on the formation of a hydrated 
componnd of lime, with the silica and alomina. Portland 
oement is made from clay and chalk, and has the appearance 
of Portland stone. Roman oement is obtained from stones, 
or nodules called Se^iaria^ found near the Thames, and con- 
taining 86 per cent, clay, and 8.6 oxide of iron. Pozzuolana 
is a Yolcanic product, found at Puzzuoli, near Naples; it con- 
tains silicates of alumina, lime, and soda, and when mixed 
with lime, forms an excellent hydraulic mortar. Oonorete 
consists of hydraulic mortar and small pebbles. 

283. Uses of Lime. Besides its use for mortars, it is 
a valuable manure, especially in soils containing much vegetable 
matter; it destroys an excess of organic matter, and sets free 
potash for support of plants; it is used also for drying certain 
gases and absorbing water from alcohol. 

284. SnlpMdes of Oaloium. Protosnlpliide of 
Caloinm is got by exposing sulphate of lime and charcoal to 
jed heat It is slowly acted on by water; when newly prepared 
is phosphorescent (Canton's phosphorus). PentasillpMde 
Is obtahied by boiling slaked lime with excess of sulphur: — 

SOaO + 128 + Hs = 2Ca 85 + Ca Ss Hi O4. 

286. Phosphide of Oaloium, CaP?; thiB is got when phosphorns 
vapour is passed over red hot lime. 

7P + 7CaO = Caa Pj Or + 6CaP. 

It is a brown snbstanoe which decomposes water when thrown into it, 
^ying off phoephnretted hydrogen. 

286. OUoride of Oaldnm, or Muriate of Ume 
Ca CI,. 6H,0. Sp. Gr. fused 2.48. Procured by dissolTing 
•chalk in hydrochloric acid. It deUquesoes rapidly in air, and 
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is often used after fdsion to remoye watery vapour from gases; 
has a bitter taste. 

287. Oxyohloride of Galoinm is prepared by boiling the chloride 
with qaicklime, and filtering whilst hot. Its formula is CaCb 3CaO . . 
I6H2O. 

288. OMoride of Liine. This bleaching material is 
obtained by passing chlorine into chambers containing hydrate 
of lime in fine powder. See Bleaching^ Par. 61. Its compos- 
ition is supposed to be Oa CI, Ca 2 CIO. 

289. Fluoride of Oaloium, or Fluorspar, Ca Pj. 

Sp. Gr. 3.14. This occurs abundantly in the lead mines of 
Derbyshire, Cumberland, &c., and is called blue John. It is 
most frequently found of a blue, green, or white colour; the 
blue varieties become red, and brown by heat ; when gently 
heated, the mineral becomes phosphorescent. The artificicd 
compound may be prepared by saturating hydrofluoric acid 
with carbonate of lime. 

290. Sulphate of Caloium, Ca SO4; Sp. Gr. 2.95. 
Native Sulphates : — Anhydrite^ containing no water ; the 
hydrates containing two atoms of water, as alabaster, gypsim, 
and selenite. Obtained artificially, when a salt of calcium in 
solution is precipitated by sulphuric acid. It requires 400 
parts of water to dissolve it. Heated to 300^, it loses 20 per 
cent, of water, and forms plaster of Paris ; plaster of Paris 
mixed with size and water, hardens, and hence is used for 
artificial marble, stucco, busts, figures, &c. ; sulphate of calcium 
is often found in spring water, and forms an incrustation in 
boilers, having the compositon 2(CaS04) HjO. 

291. Carbonate of Lime, or Carbonate of Calcium. 
Ca CO3. Sp. Gr. of Iceland Spar 2.72. This is found very 
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abnncbuDitly in natnre. It is found in fdl fertile soils, and in 
spring and river water. The following are some of the native 
carbonates i-^ChaVc^ Iceland Spar^ Calcareous Spar^ StalacUies, 
StaloffmiieSf Satin i^for^ Marble^ Oolite^ Portland Stone and 
ArragonUe. The salt is got by precipitating any of the solable 
salts of lime with an alkaline carbonate. It is a tasteless white 
powder, having no alkaline reaction. 

892. Hardness of Water. When water contains a 
considerable quantity of carbonate of lime in solution, it is 
temporarily hard. The lime is deposited in kettles and boilers 
forming a hard incrostation. This form of hardness may be 
prevented by adding soda-ash, or sal-ammoniac to the water. 
When water contains a large amount of free carbonic acid in 
solution, it dissolves carbonate of lime more freely, if lime 
therefore is added to such water, it neutralises the carbonic 
acid, and the carbonate previously in solution, is precipi- 
tated. 

293. Clark's Soap-Test ;-'A grain of chalk in a gallon 
of water represents lo {degree) of hardness. The number of 
grains of any salt of caldum in a gallon of water is said to 
represent so many degrees of hardness. The number of degrees 
is determined by adding a solution of soap, made of a definite 
strength, until it gives a permanent lather. 

294. Phosphates of Oaloium. Of these the most 
important is Bone or Tribam Phosphate, Ca'a 2 PO4. It 
forms the principal constituent in bone ash. When chloride 
of calcium is added to a solution of phosphate of sodiom, 
this compound is obtained with 2H3O. It is insoluble in 
water. 
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This phosphate occurs in apatite, moroxite, phosphorite^ 
coprolitea and asparagus stone. It is found in all fertile soils, 
and in the vegetables they produce. 

296. Other Compounds of Calcium, Siliolde of Caloium, 
Si2 Ca; Superbosphate of Lime, Ga' H4 2PO4 , Double Borate 
of Caloium and Sodium, r2(^a Ca SBO^) 3B2 O3 . ISHs O]; Ozj- 
sulphlde of Calcium, Cai^S^ o + ^oHs 0; Iodide of Calcium, 
Ca I; Bromide of Caloium, Ca Br; Sulphite of Caloium, Ca SOs; 
Sllloate of Caloium, (WoUastonite) Ca SiO». 

296. Tests, &c., of Caloium and its Salts :— 

1. Precipitated by alkaline carbonates, and bicarbenates. 

2. Not pp. by sulphuric acid, or alkaline sulphates, unless 

strong solution. 

3. Sulphate of calcium gives no pp. 

4. Precipitated by oxalic acid, and oxalate of ammonia. 

This last reagent will detect 1 part of lime in 50,000 
of water. 

5. Greenish-yellow tinge to flame. 

6. In spectroscope, (a) bright line in orange, (b) broad 

band in green, (c) faint lines in red, and (d) occasion- 
ally a bright blue band. 



Aluminum, and its Compounds, 

297. Aluminum, Al = 27.5 ; 6p. Gr. 2.5 to 2.6, may 
be obtained by passing the vapour of chloride of aluminum 
oyer sodium heated in a porcelain tube (Deyille). OryoUte 
(SNaF, AlFs) has been used as a source of this metal| 
in which case, the powdered mineral is mixed with half 
its weight of common salt, and the mixture is arranged 

K 
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in alternate layers with sodinm in a cmcibl^ a layer of 
cryolite being placed at the top, and the whole covered with 
common salt. It is rapidly heated; on cooling, the metal is 
fonnd in globules. It is a white malleable metal, about as 
hard as silver; hydrochloric acid acts readily onit ; not affected 
by sulphuretted hydrogen; may be drawn into fine wire; 
solutions of the alkalies oxidise the metal, and hydrogen is 
given off ; may be alloyed with copper, giving a hard compound, 
varying in colour with proportions of the metals ; one of these 
witti 10 per cent, aluminum, has a beautiful golden colour, and 
is known a^ aluminum drome. 

89a Alumina, or Oxide of AIumiiiTmi, Al, O,. 

This is the only oxide of aluminum at present known; got by 
igniting ammonia alum (H4N Al 28O4 . 12H2O), or by pre- 
cipitating common alum by carbonate of potassium, washing 
the pp., redissolving in hydrochloric acid, and precipitating 
with ammonia. A white gelatinous hydrate is obtained, which 
by heating, may be rendered anhydrous. This oxide with 
silica forms clay. Native alumina occurs in the sapphire^ ruhtfy 
topaz, corundum, adamantine spar, emery, and diaspora. 

Uses. — ^Alumina has a great affinity for colouring matter, 
hence when cloth has been soaked in some solution of a salt of 
aluminum, the earth adheres to it, and when it is afterwards 
plunged into a bath of dye liquor, the colour is fixed. Bodies 
which thus fix colour, are called Mordants. Ammonia added 
to a solution of alum in infusion of cochineal, or madder, 
precipitates alumina in combination with colouring matters, 
forming lakes, 

209. Aluminate of Sodium, Naa AIO3. When Bauxite (alum- 
inous peroxide of iron) is heated with carbonate pf sodinm, and afierwarda 
lixiviated, this salt is dissolved ont, and is obtained as a whitish com- 
}K)nnd, by evaporation. It is nsed for pigments, and as a mordant. 
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800. Glilorlde of Aluminiim, AI9 Ck- This U procured as a 
yellow sublimate bjr the following process:— Alumina is mixed with 
powdered charcoal, and made into a paste with starch or oil; this is heated 
m a covered cmcible, and afterwards transferred to a porcelain tube, and, 
whilst heated in a furnace, chlorine is passed into it. Alg O3 + 3C + 
SCI2 = Alj CIb + SCO. The salt fumes and deliquesces when exposed 
to air. 

801. Fluoride of Aluminma is found in nature with fluoride of 
sodium in cryolite (SNaF, A1E3). 

302« Sesquisulpliate of Aluminum, (AI, dSO^ . 
I8H2O .) is got by digesting alumina in sulphuric acid^ or on 
a large scale, by digesting clay or shale for 3 or 4 days with 
sulphuric acid, then dissolying and evaporating; known as 
concentrated alum. It forms lamellar crystals, which have a 
sweet and astringent taste. 

303. Alum, Sulphate of Aluminum, and Potassium, 
or Potash Alum, KAl 2SO4 . I2H2O. Manufacture ;— At 
Whitby, and near Glasgow this salt is manufactured on a large 
scale, from alummom slate or shale^ found with coal, and con- 
taining bisulphide of iron; the ore is exposed to air, or slowly 
roasted to oxidise the iron and acidify the sulphur; by lixiviation 
a sulphate of aluminum is obtained, which vrith chloride, or 
sulphate of potassium yields alum. 

(1). 2FeSa + 30, = 2Pe S + 2SO3; and afterwards 

(2). FeS+20, = FeS04; 

(3). 2KC1 + FeSO^ = Fe 01, + K, SO4. 
Roman alum is prepared near Oivita-Yecchia from alumrstone, 
by heating the stone and dissolving out the salt. 

Properties. — ^The common alum is colourless; has a sweet 
and astringent taste; reddens vegetable blues; fuses when heated; 
when heated to dryness, known as hirnt alum^ or roche alum ; 
soluble in 18 parts of water; forms large octohedral crystals. 
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Uses. — In dyeing, calico-printing, paper making, and also 
in preparation of colours; rendering wood and paper incom- 
bustible; and as a medicine. 

304. Other Alums .— 

Ammonium Alum H,N Al 2S0, . I2H2O. 

Sodium „ Na Al 2SO4 . I2H2O. * 

I^ithium „ Li Al 280^ . 12H,0. 

Potassium „ K Al 2SO4 . 12H,0. 

Iron „ K Fe 2SO4 . 12H2O. 

Chrome „ K Cr 280^ . I2H3O. 

Manganese , K Mn 28O4 . 12H3O, 

The [new alkalies Caesium and Rubidium form alums with 
sulphate of aluminum. 

306. Phosphate of Aluminum, Al PO*. Got by adding phos- 
phate of sodium to solution of alum. The pp. dries into a white insipid 
powder. The following minerals contain the salt, WaveUite, ZazvUu, 
Ambligonite, Turquoise or Calaite and Gibbsite, 

306. Silicates of Aluminum. The various kinds of 
clay are silicates, or hydrated silicates of aluminum. Common 
Felspar J which is a constituent oigranitey is a silicate of alum- 
inum, and potassium ; by the action of air and water it cmmbles 
into a white clay ; Cornish clay and Kaolin are thus formed ; 
Marl is composed of lime and clay; clay is variously coloured 
by the oxides of iron; the presence of lime, magnesia, or oxide 
of iron renders clay more fusible, or vitrifiable; jP«re-ctoy is 
nearly jpwre silicate of aluminum; Fe?Zow; ochre and Bed boU 
consist of clay and peroxide of iron; Fuller's earth is a porous 
silicate of aluminum; Devonshire and Dorsetshire Bine Clay 
is coloured with organic matter, which is destroyed by heating; 
it is used for porcelain; P^-clay is white, and nearly free 
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from iron; it is used for tobacco pipes; Loam contains a variety 
of substances with clay; is led or brown from peroxide of iron; 
used extensively in hrkh-maUng. Clay gives off a peculiar 
odour when wetted or breathed on ; it absorbs ammonia gen- 
erated by manures, and hence its agricultural value; its 
j^TasUcity when humid, renders it well adapted for the manu- 
fecture of pottery. 

The following minerals contain silicates of alamina:~^(ftt/arta, AlUte 
FetaliU, Labrcuiorite, Syenite, Gneiss, Porphyry, Basalt, Dolerite, Trap, 
Diorite,, Trachyte, Pumice-atone, Obsidian, Garnet, Pyrope, Mica, Chlorite, 
Hoofing slatey Mica and Hornblende slate. Zeolites, Stilbite, Analcime, 
Prehnite. 

307. Pottery and Poroelain. In the manufacture of 
parcelam, or chma, the principal materials used are clai/, (chiefly 
from Devonshire), and flints — ^the former supplying alumina, 
and the latter silica. The flints are reduced to a powder by 
heating them to redness, then quenching them in ^cold water; 
each material being careftilly powdered and sifted, is suspended 
in water; is mixed in measured proportions, and evaporated 
to due consistence for working; on the potter's wheel the clay 
is formed into the required shape; the moulded articles are 
next placed in a warm room to dry ; handles and ornaments 
are now added, where necessary, and the ware is then removed 
to the biscuit furnace ; after the last operation the articles, 
which are now called liscuit^ are coloured or printed, the vessels 
readily absorbing colouring matter ; they are afterwards ^to2»^ 
by dipping them into a tub containing 60 parts litharge, 10 of 
clay and 20 of ground flint, with water suflBlcient to give a 
creamy consistence; on further heating, the glaze melts and 
gives a glassy appearance to the surface of the ware. The 
colour for earthenware is generally a metallic oxide ground 
with oil of turpentine, oil of spike-lavender or boiled linseed 
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oil ; a hltie is given by oxide of cobalt; green, by oxide of 
chromium; drown, by oxides of iron and manganese ; hlack, by 
black oxide of uranium ; and pM, by oxide of tin, lime, and 
oxide of chromium. Coloured patterns are first printed on thin 
unsized paper, and applied to the yessels whilst the colour is 
moist. Porcelain is gilded by applying gold in a fine powder, 
mixed with gum-water, and borax. 

Berlin, Porcelain consists of 71 silica, 24 alumina, 2 
potash, 1.5 protoxide of iron, and 1.5 lime, and magnesia. 

Stoneware is an inferior kind of porcelain, Wedge- 
wood- ware is a better kind of stoneware. Pine earthen- 
ware is the common table-service of this country. Common 
Earthenware is made of more fusible clay, and cracks 
easily, when heat is applied. 

308. Tests for Aluminum and its Compounds :— 

1. Ammonia gives a gelatinous pp. of hydrate of alumina, 

nearly insoluble in excess of ammonia. 

2. Carbonates and bicarbonates of the alkalies precipitate 

the hydrate of alumina. ^ 

3. Sulphate of potassium and sulphuric acid give crystals 

of alum. 

4. Hydrosulphate of ammonium gives a white pp., whilst 

sulphuretted hydrogen is evolved. 

5. Moistened with nitrate of cobalt on charcoal, before 

blow-pipe, a pale blue. 
Salts of aluminum have an astringent and sweet taste, and 
redden litmus paper. 
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Glucinum, and its Compounds. 

809. Glnoinum (G = 9.5; Sp. Gt.2.1> is prepared irom its chloride 
by the same method as alaminnm. It is foand in the Emerald and Beryl, 
which consut chiefly of silicate of glacinam and aluminum. It is a white 
metal; is readily dissolved by hydrochloric and sulphuric adds, and potash* 

Compounds of Glncinum:—- 

Glucina GO. 

Chloride of Glucinum G Cb. 

Aluminate ,, GO, AIsOs. 

310. Tests, &o.— 

1. White pp. with carbonate of ammonium. 

2. Sulphide of potassium gives a white pp. 

3. Does not form an alum with the sulphate of potassium. 

4. Does not give a blue colour with nitrate of cobalt 

5. When a hot solution of fluoride of potassium is added to a hot 

solution of glucinum salt, scales of double fluoride of potassiuHi 
and glucinum are formed. 
The Baits have a sweet taste and are acid. 



Zirconium, and its Compounds. 

311. Ziroonium (Zr= 89.5) has only been met>ith in the Zircon or 
Jargon, and a few other rare minerals. It is procured from the fluoride of 
potassium and zirconium, by potassium at a red heat It is a black powder, 
having a similar appearance to plumbago. 

Compoimds of Ziroonium:—- 

Zirconia Zr02 

Chloride of Zirconium Zr CU 

312. Tests, &o.— 

1. The salts are precipitated by caustic alkalies. 

2. Give a yellow pp. with tincture of galls. 

3. FoTu 81 bsulphate of zirconium, when boiled with sulphate of 

potassium. 

4. They have an astringent taste. 
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Thorinum, and its Compounds. 

813. Thorinnm (Th = 119 .) is got hj passing dry chlorine over a 
miztare of charcoal powder and thorina, and decomposing the chloride thus 
obtained with potassium. It has a grey colour and metallic lustre. 
Sulphuric add acts slightly on it, and nitric add scarcely at all; hydrochloric 
add dissolres it Thorina is supposed to be a protoxide. Sulphate of 
T%orinum has been obtained. 

Yttrium, Erbium, Terbium, Oerium, Lanthanum and 
Dldymlum. 

814. Yttrrium, T, is obtained by decomposing its chloride by 
potassium; it is grey and brittle. Oxide ot Yttrium or Yttria, YO, 
is found in Gadolinite, 

816. Erbium and Terbium. Erhia is of a pale yellow colour, 
and Terhia a pale red. These oxides are said to always accompany 
Yttria, 

816. Cerium, Ce, is found in a very few minerals, one of which is 
Cerite. It seems to form two oxides, the protoxide and sesquioxide. The 
oxalate, Ce C2 O4) SHj 0, has been lately used as a medicine in cases of 
excessive vomiting. 

817. Lanthanum, La, is found with cerium; it forms but one oxide. 
Its salts are colourless. 

818. Didymium, Di, is found with the last two metals. It forms 
only one oxide, which has a brown colour. The sulphate and nitrate are 
rose-coloured. 



Magnesium, and its Compounds. 

319. Magnesium (Mg = 24; Sp. Gr. 1.743) la met with 
abundantly in nature, forming with calcinm, dolamHe^ or 
magnesian limestone. Was first procured by Davy, in 1808. 
It may be prepared by fusing a mixture of the pure chloride of 
magnesium, chloride of sodium, fluoride of calcium, and 
sodium, the metal is thus obtained in globules. It may 
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be also obtained bjelectrolyzingthefased chloride of magnesium. 
It is a silvery-white metal; malleable; slowly oxidised in damp 
air; bums in air with such brilliancy that it has been used in 
taking photographic likenesses. 

820. Magnesia, or Oxide of Magnesinm, MgO 

=s 40 ; Sp. Gr. 3.6. This is the only known oxide of mag- 
nesium; is procured by heating to redness the carbonate, or 
nitrate of the metal. It is a bulky, white powder, without 
taste; it is nearly insoluble in water; has alkaline reaction on 
vegetable colours ; forms a hydrate with water, Hj Mg Oj. 

821. Nitrate of Magnesium, Mg 2NO3 .6H2 0. Sp. Gr. 1.4. 
This 18 a rery deUqnescent salt, procured bj digesting carbonate ot magnesia 
in weak nitric add. It has a cooling and bitter taste. 

322. Chloride of Magnesium, Mg Cl^. This salt is found in 
sea-water. May be prepared by dissolving 1 part magnesia in hydrochloric 
acid, and afterwards adding 3 parts sal ammoniac; a doable chloride is thus 
formed, which is decomposed by ignition in a crucible, leaving the above 
salt. It is a deliquescent salt; very soluble in water, and having a bitter 
taste. 

323. STzlphlde of Magnesium, MgS, is got by adding sulphide 
of potassium to a boiling solution of sulphate of magnesium. 

334. Snlphate of Magnesinm, Mg SO4 . 7H3O.; Sp. 
Gr. 1.6. This salt is known in commerce as Epsom salt It is 
prepared from sea-water, and also from magnesian limestone. 
In thQ former case, after common salt is removed by crystal- 
lization, the liquid is boiled down with sulphuric acid, or the 
bittern may be decomposed by lime, and then the precipitate 
treated with sulphuric acid. In the Utter case, the limestone 
is burnt, reduced to powder, suspended in water, and treated 
with sulphuric acid. It has a saline and bitter taste; at a red 
heat the salt becomes anhydrous; soluble in 3 times its weight 
of water; the crystallized sulphate loses 6 atoms of water when 
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heated, bat retains the remaining atom up to 560^; at a red 
heat it becomes anhydrous. 

826. Carbonate of Magnesimn, Mg COa- ; Sp. Gr. 3.0. 
This is procured by the precipitation of a boiling solution of some 
magnesium salt, by adding carbonate of sodium or potassium. 
The crystals effloresce in air. 

326. Magnesia alba is the white magnesia of commerce, and I 
is obtained from the sulphate of magnesium, by adding a hot 
solution of carbonate of sodium. It is a light powder ; slightly 
soluble in water ; it is composed of hydrate of magnesia, and I 
the hydrated carbonate, Mg COs, Hj + Mg Hj 0,. 

327. Magnetite is a native carbonate; Dolomite is a magnesian carbonate 
of calcium, Mg Ca 2CO3 ; a pure carbonate is now made from the latter 
mineral; Bitter spar and conite have a similar composition to Dolomite. 

328. Silicates of Magnesium. There are manj native silicates 
of magnesium, The following is a list of several of them: — 

Serpentine:^ 2[(Mg Fe) O, SiOj] . MgO, 2H»0. 

Steatite,French-chalk or Soap-stone... MgO, SiOa . 2MgO, 3SiO>. 

Meerschaum 2MgO, 3Si02 . 4H2 O. 

Talc 2(MgO, SiO*) 2MgO, 3SiO». 

Chrysolite, or Olivine 2(Mg Fe)0, SiW 

Picrosmine 2Mg SiOs . H2 0. 

Augite or Pyroxene (Ca Mg Fe Mn)0, SiOf. 

Hornblende, Amphibole, or Asbestos belongs to this class oi compounds, 

8[(Mg Ca Fe)0, SiOa] . 2(Mg Ca Fe Mn)0, SSiO^.. x(KCa) F2. 

829. Triphosphate of Magnesium and Hydrogen, or 
Tribasio Phosphaie of Magnesia and Water, HMg, PO* . 7HjO. 
This is formed when a solution of a salt of magnesium is added to one of the 
common phosphate of sodium. It is crystalline, and sparingly Bolable ia 
water. 

880. Triphosphate of Magnesium and Ammoniixm, or 
Triple Phosphate, MgH^N, PO4.6H2O. It is obtained when 
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ammonia, or an ammoniacal salt is added to a mixture of a saltof magnesium, 
and phosphate of sodiam. It is often deposited from mine, having the 
appearance of white sand. It may be detected in malt liquor, in the husk 
of grain, a^d in the potato, &c. It dissolves readily in acids. 

331. Borates of Magnesinm. Several have been fonned. One 
found in Holstein called Boracite is the only one of interest. This is its 
formula, d(Mg2B03), B2 Oa. 

333. Tests, &c. :— 

1. Potash and soda giye a gelatinons pp. of the hydrate. 

2. Ammonia only gives a slight pp. (chloride of ammonimn 

will redissolve it.) 

3. Lime-water gives a pp. 

4. Phosphate of ammonium gives a pp. 

5. The acid carbonates of the alkalies do not precipitate 

the salts, unless boiled. 

6. Give a pink colour, when heated before blow-pipe with 

nitrate of cobalt. 
The salts of magnesium are bitter. 



Zinc, and its Compounds. 

333. Zino (Zn = 65 ; Sp. Gr., 6.8) of commerce is ob- 
tained from Calamine^ the natural^carJewafo, or Blende, the 
native sulphide. In its manufacture, the ore is crushed into 
small pieces between rollers, and afterwards roasted in a rever- 
beratory furnace, in which carbonic anhydride is driven off 
from the calamine, and sulphurous anhydride from the 
blende. It is afterwards ground, and mixed with one-eightti 
its weight of charcoal powdered, and then heated in large cruci- 
bles, placed generally in a circular furnace ; to the bottom of 
each crucible there is attached an iron pipe, which dips into a 
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Bheet-iron vessel below containing water. On the application of 
a red heat, the zinc distils through the tube into the water. This 
method is called distillation 'per ckseenmm. It is practised in 
England, but in Silesia and Belgium other methods are in use. 

Zinc is a bluish-white metal; has considerable lustre; is 
somewhat brittle at ordinary temperatures ; may be drawn out 
into wire; and rolled into thin leaves between 200© and 300o; is 
volatile at a bright red heat; gives off peculiar smell when 
breathed on ; oxidises in moist air, when the oxide formed 
protects the metal beneath; heated above fusing point, it burns 
with greenish- white flame; in presence of acids it decomposes 
water. 

Uses. — Used for chimney-tops, coating sheet-iron, (the iron 
is then said to be galvanized), roofing &c., &c. One part zinc 
and 2 copper form brass ; zinc in powder is used as a basis of 
paint. 

334. Oxide of Zino, ZnO, is prepared by heating the 
metal exposed to air. It is a light, white powder, which 
becomes yellow when heated ; is insoluble in water; is used as 
a pigment, instead of white lead, not being injurious to the health 
of painters, nor affected by sulphuretted hydrogen, but it soon 
peels off; is used as a tonic, and as an outward application. 
Tutty is an impure oxide. Caustic potash precipitates the 
hydrate of zinc (ZnO, HjO) from salts of zinc. 

836. Ohloride of Zino, Zn Cla, is obtained by dissolving 
the metal in hydrochloric acid. It is known as lutter of zinc. It 
is a white, and very deliquescent compound; is powerfally 
corrosive; has a nauseous taste and is a strong emetic. Bumetis 
disinfecting fluid, and preservative against Dry-rot, is a strong 
solution of this salt. Chloride of zinc and ammonium 
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(2H4 NCI, Zn Cls) is used to remove film of oxide on metals, 
before soldering them. 

336. Sulphide of Zinc or Blende, or Black-Jaok, 

<ZnS; Sp. Gr. 4.1,) is procured by heating oxide of zinc with 
sulphur. This compound is an abundant mineral of zinc, and 
an important source of the metal. It occurs in crystals which 
are brittle, and of a brown, or black colour; it generally contains 
traces of iron and lead, 

337. Carbonate of Zinc, or Calamine, Zn COs, Sp. 

Gr. 4.4, is found in nature both in the amorphous and crystalline 
form ; no neutral carbonate can'be got by double decomposition; 
by adding carbonate of potassium to sulphate of zinc, an oxy- 
carbonate of zinc is obtained 8ZnO, SCOj . 6H2O. Calamine 
abounds in Somersetshire, Flintshire, and Derbyshire. Electric 
calamine consists of the oxide of zinc and silica. 

838. Sulphate of Zinc, or WWte Vitriol, Zn SO4 
7H2O., Sp. Gr. 1.9. This salt is readily obtained by adding 
sulphuric acid and water to the metal in the preparation of 
hydrogen, See Par. 81. It is very soluble in water ; has acid 
reaction with test paper ; the crystals are four- sided prisms; is 
used as a medicine, and Jargely in calico printing ; it forms 
double salts with ammonium, potassium, magnesium and pro- 
toxide of iron ; it is poisonous. 

339. Nitrate of Zinc, Zn 2N08 . eHs 0, is a deliquescent salt; is 
j)Teparcd by dissolring zinc in dilate nitric acid. 

840. Tests, &o.— 

1. Sulphide of ammonium gives a white hydraied sulphide 

with salts of zinc, 

2. Potash, soda, or ammonia, gives a pp. of white hydrated 

oxide. 
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3. Ferrocyanide of potassinm gives a white, and fern. 

cyanide a brownish pp. 

4. Oarbonates of potassinm and sodiom give a pp., not 

soluble in excess; the pp. with carbonate of am- 
monium is soluble in excess. 

5. Before the blow- pipe on charcoal, oxide of zinc becomes 

yellow, but on cooling is white. With nitrate of 
cobalt, a green residue. 



Cadmium, and its Compounds. 

341. Oadinium Cd = 112: Sp. Gr. 8.6. This metal was disoovered 
by Stromeyer in 1818. It is foand as sulphide in zinc ore^ and is obtained 
in the distillation of that mineral. Cadmium first sublimes in the operation, 
and is separated from zinc, bj dissolving in sulphuric acid, and passbg 
sulphuretted hydrogen through the solution, which precipitates the eadmium. 
The sulphide thus obtained, is dissolved in hydrochloric acid, precipitated 
by carbonate of ammonium, and heated wiw charcoal, when the metal 
dstils over. 

Cadmium has thecolonr and physical properties of tin; is very soft^malle- 
able and ductile; becomes brittle at 180^; fuses at 242^; air scarcely acts on 
it unless it is heated ; it crackles when bent; it dissolves readily in weak adds; 
with bismuth, lead, and tin, it furnishes a silver white alloy. 

342. Osdde of Oadminm, Cd O, is procured as an anhydrous bronn 
powder, by burning the metal in air, and as a hydrate (CdO, Hs O) by 
decomposing some salt, by potash or soda. The hydrate is white; the 
anhydrous oxide is infusible and does not volatilise. 

343. SnlpMde of Oadmixim, CdS, is prepared by precipitating a 
salt of cadmium by sulphuretted hydrogen. It is bright yeUow and 
furnishes a vellow paint; resembles sulphide of arsenic. There is a native 
sulphide called Greenockite, 

344. OUoride of Oadminm, Cd Cla . 2Hs 0, is got by dissdlviog 
cadmium in hydrochloric acid; it readily forms prismatic GTystals; which are 

soluble in water. 
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d46. Iodide ofCadmiam, Gd I, is obtained by digesting the metal 
in water, with iodine. Used for iodizing collodion in photography. The 
Bromide of Cadmium, Ca Br is prepared and used similarly. 

346. Snlphate of Oadxuiam, Cd SO4 . 4H2 0. May be obtained 
by dissolving the metal, its oxide, or carbonate in sulphuric acid; it forms 
prismatic crystals which are very soluble in water. 

347. Other Oompounda of Ca^/mium:— Nitrate of Oadminnu 
Cd 2NOs . 4H3 O; Carbonate of Oadminm, Cd CO3 ; Fluoride of 
Cadmium, CdF. 

348. Tests, &o.-- 

1. Sulphuretted hydrogen precipitates the yellow sulphide; insoluble 

in potash and ammonia, but dissolves in strong hydrochloric 
acid. 

2. Hydrates of potash and soda throw down a white A^e/rafei oxide, 

insoluble in excess. 

3. Ammonia gives a similar precipitate, soluble in excess. 

4. Carbonates of the alkalies give a white carbonate. 

5. Ferrocyanide of potassium gives a yellowish white pp. 

6. A riog of brown oxide on charcoal, before blow-pipe. 
The salts are colourless, and amilar to those of zinc. 



Cobalt, and its Compounds. 

349. Cobalt (CO = 59; Sp. Gr. 8.95) is met with in nature 
associated with arsenic as Tin-white Cobalt or Smaltim (CO 
ASj), or with arsenic and sulphur, as Olance Cobalt (OoS^, 
CoASa). Iron, nickel, bismuth, and copper are commonly 
combined with cobalt in its ores. Cobalt is neyer used as a 
metal, so that its reduction is only carried on to a small extent. 
(^I^ar. 361). It is very difficult to separate from the nickeL 
The metal has a reddish-grey colour; it is brittle, and fuses 
with difficulty; it is almost unalterable in air; it dissolves slowly 
[n hydrochloric, but freely in nitric acid. 
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360. Protoxide of Cobalt, CoO, is obtained by adding 
potash, to the nitrate and washing, and drying pp. ont of 
contact of air; freshly precipitated, it is blue; in contact with 
water for a time, it becomes a red hydrate; heated to dull red- 
ness in air, it is black; more strongly heated, it is brown; when 
obtained from the carbonate, it is greenish-grey, Zaffre is an 
impure oxide of cobalt, having a very blue colour; it is obtained 
by calcining the ore. Smalt and Azwre blue are got by fasing 
zaflfre with glass; smalt is used by paper-stainers to give a blue 
colour. Thenards blue is a compound of alumina and oxide 
of cobalt^ having a pale blue colour. RinmanrCs green coniiaiiis 
oxide of zinc with cobalt; used as a pigment. 

861 . Hydrated Oxide of Oobalt, CoO, H2 0, is formed bj adding 
eolation of potash to solution ofanj salt of cobalt. 

362. Sesquiozide of Cobalt, Cos O3, is procured when chlorine 
is passed through a mixture of the hydrated protoxide, and water. 

3(CoO, Ha O) + CI2 = C02 Os, 3H3 O + Co CP. 

-Gentle heat expels the water. It is black, and insoluble in acids. 

363. Sulphides of Cobalt. Protosulphide is obtained as hydrate 
'by precipitating acetate of cobalt, by sulphuretted hydrogen; Sesquimdphidd 
•of cobalt is procured by decomposing sulphate, by sulphuretted hydrogen. 

854. OMoride of Cobalt, Co CI, is got by passing 
<ihlorine gas over metallic cobalt. The hydrated chloride 
'Contains 6H2 0; may be used in solution, as a sympathetic ih^; 
letters written with this ink are invisible, until gently heated, 
when they appear of a brilliant blue (anhydrous chloride) ; on 
cooling the colour again disappears. 

365, Nitrate of Cobalt, Co SNOs . 6HA is obtamed 
when nitric acid is added to the oxide. It is a brownish-red 
deliquescent salt; U8ed as a reagent for the blow-pipe. 

366. Sulphate of Cobalt, Co SO4 . 7H2 0, is obtained by dissolyiog 
ihe protoxide, or carbonate in sulphuric acid. 
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367. Oaxbonates of Oobalt. Under different circamstonoes the 
following carbonates are obtained. Adding bot solution of carbonate of 
sodiom to hot solution of salt of cobalt, SCoO, 2CO2 . 4H2 0; at ordinary 
temperature they give 4CoO, 2CO2 • 7Hs 0. 

368. Ammonia Oompotinds of Oobalt. Many salts of cobalt 
form double salts with those of ammonium, as Nitrate, GO 2N0^ GHsK. 
2H2 O; Chloride, Co CP, GHj N, 8Hj C. 

359. OOier Compounds of Cobalt Ctobalti-Oyaillde, MQy.CoCrs 
Cobalt bloom, or Arsenate of Oobalti C03 2ASO4 ,4Ha O; Iodide 
of Oobalt, Col; Flaorlde of Oobalt, Co F; Bromide of Cobalt, 
Co Br; OzysnlpUde of Cobal^ CO4 SO; Trioobaltio Phosphldey 
Cos P. 

360. Tests, &a— 

1 . Black sulphide, with sulphide of ammonium. 

2. Potash gives a deep blue pp. which on boiling becomes 

red. 

3. Alkaline carbonates give a light red pp. 

4. Ferrocyanide of potassium giyes a dirty green pp. 

5. Sulphuretted hydrogen, if acid, gives no pp.; a dark 

brown pp. if acetate of sodium is added. 

6. Blue borax bead. 



Nickel, and its Compounds. 

861. Niokel (Ni.= 59 ; Sp. Gr. 8-82) was discovered by 
Cronstedt in 1751. It is found most abundantly as arsenide 
of nickel (kupfemickel or false copper); the metal is prepared 
from this ore, and speiss which is an arsenio sulphide deposited 
at the bottom of the pots, in the manufacture of smalL From 
speiss the metal is obtained, by fusing wit^ chalk and fluor- 
spar; reducing to powder; roasting to expel arsenic; dis- 
solving in hydrochloric acid; diluting and adding chloride of 
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lime, said milk of lime to precipitate iron, as sesquioxidei, VfA 
arsenip; paaaing sulphuretted hydrogen through solution, 
precipitating copper, bismuth, and lead; boiling solution and 
precipitating cobalt, vith chloride of lime; and finally, throwing 
down the nickel as hydrated osi^e, by adding i^ilk of Ume; 
t^e nickel pp. is afterwards reduced by charco^. 

!ft is a wl^te, h^rd, ductile, and malleable metal; it is not 
coidised at oommon temperati^ of air; px|gneti(^ but tfie 
property disappears above 630°; nitric acid dissolves it freely. 
It is used in the manufacture of German 8ilv^^ or pacJofong. 
The following proportions form a good alloy: — in 100 parte, 
51 copper, 80.6 zinc, 18.4 nickel. Tutenag is a similar alloy. 
Kupfirnickel, Ni As, is a natural arsenide of a reddish eolour. 
Arsenical nickel is represented by 'NiAsj. Nickel glance, 
(NiS As) is another native compound. Kickel is found in 
metecric stones. 

362. Protozide of Nlekol, £m, is obtained when the Nitrate or 
Carbonate is igpited in a epycmd pxncifc^ |t is an oUve gpeen powder. 

363. Peroxide of Niokel or Sesquioi^dfi, S^itOs. Got by heat- 
ing the Carbonate or Nitrate nearly to redness, when it is a black powder. 
As a hydrate (NiaOs. 3H3 O) by tliftting the hydrated protoxide in solntioa 
with chlorine. 

364. OMoride of Nickel, Ni Cl^, is produced by dis- 
solving the metal, or its oxide, in hydrochloric acid. It yields 
green crystals containing OHaO. The anhydrous salt is yellow. 

86(1. 9t^}ph^(iea of Niokel. Protosulphide, NiS, is a yellow 
native comnonnd, and known as MilkHte or Capillary pyrites. May be 
prepared Vf fiising snlphnr and nickel. Suhsidphide. NiaS. is got by 
Wincing the sulphate by charcoal. Bisulphide, NiSs, is procnred an heat- 
ing an mtinu^te mixture of Carbonate of Nickel^ Carbonate of Potassinnii 
aim Sulphur. It is a grey powder. 

aea Sulpliate of HiQkeH, NiSCU . fBt Q, is prepared by adding 
snlphnric acid to the metal, or its oxide, or carbonate* It yields crystals 



of a groen cotonr, which are yf^ir soluhle in wate^ . By addinff caustic 
potaoi to the impaie solntiMi or speiss, a HovUf ShUphau of Fsta^^bm 
^n4 Hfiekd 14 ohtmefl, )|i PO4, ?« §0* . §S, 0. 

867. Carbonates of Nlokel. Of these theie are sevend having 
a greefi oploqr. Tlie Normal Carbonate is pbtif^n^d by Q^dine tl^e acid 
cafbonate of sodiam to a solution of the nitrate. EmercH Nkka is a 
natire carbonate. 

868. Otkir CompoundM of J^ieJkl:--ABtimonlde of Niek«l 

His fib; Broiai4«, l^i%r; |Q4idA, Hili niiori4«. Hi ^\ Pboq' ' ' 

M9. Testa, aso.-^ 

1. Snlphnretted hydrogen, no pp. 
%. Snlphide of ammoninin, a black pp. 

3. Axrimonia, a pale green pp., solnble in excess. 

4. Pptasb and spd^, a pale gre^ pp., imolviblA in excess. 
Si. Oarbi^ates of alkalies, fipple-green pp., dissolyed by 

carbonate of ammoninm, giving a blue solution. 

6. Ferrocyanide <tf potasainm, a pale«-green pp. 

7. Ferricyanide of potassium, a yeUowish-green pp. 

8. A yellow borax bead. 

The salts excite yomiting, and have a sweetish taste. 



Iron, and its Compounds 

37Q. IrOIl (Fe =3 56 ; Sp. 6n 7-84) is found very exten- 
^vely diffused fai nature, ghiefly as oxides, carbonates, or 
snlpWdes. The following are the principal iron ores :— C% 
Iranstom (an impure cfffbonate) ; Black Band ( a carbonate) ; 
J^thic or Protocarionate (Fe COs .) ; Brown Sc^mtite ( 2 Fcg 
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0„ SRfi.) ; IM HomaHk ( Vefi^ • ) ; Specular Iron Ore 
(F^O, .) ; Magn$HcIron Ore, or Loadetom (FeO, FejOg); Iron 
Pyrites (FeB»). 

Manufacture. Clay ironstone, fonnd in nodnles, with ooal 
and shale is the principal source of iron in Britain. The ore 
is first roasted to expel water, and carbonic acid; it is then sab- 
jected to intense heat in blast fumacBf with coke and limestone in 
alternate layers ; the iron is reduced as it descends, and as car- 
bide is withdrawn at intervals through thq tap hole ; the sli^ 
which consists chiefly of silicates of lime, and alumina, collects 
at the bottom of the furnace, and is removed through a suitable 
opening. The oxygen of the blast, on entering the fomace, 
unites with carbon, forming carbonic anhydride, whilst the 
nitrogen escapes ; each atom of the carbonic anhydride, in its 
course, combines with another atom of carbon, which yields 
carbonic oxide ; this is mixed with free hydrogen, and car- 
buretted hydrogen, and to a large extent escapes unbumi 
Theblastfnmaceisgenerally about 50ft. high, and 15ft. in 
the widest inside diameter ; it is built of stone and brick, 
bound together with iron bands, and lined in the lower part 
with the most refiractory firestone ; about six tons of hot air 
per hour is supplied to the furnace by suitable blowing ma- 
chines ; with the hot hleu&t three tons of coal will produce one 
ton of iron, whereas eight tons are required with the cold blast. 

871. Oast Iron. The carbide of iron obtained from 
the ore by the aboye process, is run from the ftimace into 
moulds of sand, and known as pig iron, or cast iron. Cast iron 
is distinguished as No. 1, grey iron, 2, mottled, and 3, whik 
cast iron ; small articles made of cast iron may be decarbonizedf 
and thus rendered malleable, by heating them to redness for 
some hours in powdered bsematite. 
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372. Wrought, or Malleable Iron is nearly free 
from carbon. The conrersion of cast^nto wroughi iron is 
effected by subjecting the former to the action of air, at a high 
temperature, burning off the carbon ; running the metal into 
the form of a cake, and cooling suddenly by pouring on it cold 
water ; breaking up the cakq, and farther purifying by 
puddling. In puddling, the metal is placed in a reverberatory 
furnace, and well stirred ; the mass becomes less fusible, and 
at length, quite granular; the heat is raised when the metal 
softens, is removed in balls or blooms^ on the end of iron rods; 
is afterwards hammered or pressed in a shingling press, and 
subsequently rolled; the bars are cut, again heated in 
reverberatory furnace, and finally rolled and cut for sale ; the 
best iron is repeatedly heated, and rolled to increase its tough- 
ness, by rendering the fibres more parallel. Pure iron is pro- 
cured by mixing filings of the best bar-iron with J the weight 
of pure peroxide of iron, and after covering with pounded 
glass, free from lead, exposing in a well-closed crucible, to the 
strongest heat of a forge. 

373. The Bessemer Process. This is a mode of 
purifying iron by passing cold air through melted cast iron, 
and thus superseding the ordinary method of puddling and 
refining. In this process, the oxygen of the air combines with 
carbon of iron, forming carbonic oxide; in this reaction the 
temperature of the iron is greatly raised, and by the escape of 
carbonic oxide, the melted mass is very much agitated. During 
the operation 20 p. c. of iron is wasted, and a great portion of 
phosphorus and sulphur are retained; it is, however, a very 
successful method for Swedish charcoal pig-iron. 

Properties. — Iron fuses with difficulty when perfectly pure; 
common iron melts at a white heat; is the hardest and toughest 
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of ihe ductile metals; cannot be beaten ont iiito tHm teayesy 
bub may be drawn into fine wire; may be iveMed at a red heat; 
ifl readily oxidised in damp air, but is not acted on by dry air; 
if very finely divided it has great ^niiy for oxygen, 

St4. StClel i^ iron in combination with less carbon than 
cast ii'oti Contains. Naturdl steel is prepared tiy heatJfig the 
bdst cast iroii, ot native oxides, on the heartli ot fdrhace ^th 
chatcoai. Blistered steel is obtained by cemenfatCori. ^this 
ptoctes confeists in heating to redness, bars 'of ttie purest iron 
with tJhfttooal, mixed with common salt and wood-ash; the 
bars ^e generally about Sin. broad, and fiii. thick; the opetatioii 
occupies 6 to 10 days ; steel thus obtained is called blistered 
steel; drawn into small bars and forged it is ittied; broken up 
atid agaih Welded into fears, it is shear stedl ; blistered steel 
ftised, is dost steel. The last is more uniform in texture, knd 
is used for best cntlety, punches, ic, ; ih case-hardemrig, iron 
ife partially cemehfed. 

Steel is harder, has a finer grain, and is more sonorous than 
iron ; steel heated, and ^ttdd^nly pMng^ iii wate'r biidomes 
very hard; the hardUe^^ is modified by h modetate h^fi iii an 
aimealing ftirnace; lancets, razors, alid pferiknites jtfe i^mpered 
trheii the fet^l asshmefe a yfeUoW coldftr, at aboiit 430*^ flii* 
tmtlerf «t 6'traw colour, khtmi 46ac';' tMe and emidg MifeS, 
l^h^ hioiriiy at 500o; and swotd bMes fend saws^ #hdi tticfe 
i# a itA or prpll^ tingef, froii S90<^ 16 600o. 

876. Protoxide ef Iron or FertaxA OzidOy F^, 

is obtained as white h^draki by adding a ^olutioB of potaeih to 
one of pure protosalt of iron. The salts of this oxide are 
geiierifflf ^efeiiish-bltie; thMr Solutforis wteli exfiosed to air 
rapidly dilfli^fe', foAriti^yWft teltg. 
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876. Perozidei Ferrio Ozide^ Bed 0zid6| or 

Seflqixiozide, Fe^ 0,. In the anhydronsform it is prepared 
by strongly heating the ferrous sulphate; it is then of a red 
colour, and is called colcothar, crocus of Mars, or jewelWs 
rouge^ and is used for painting, and polishing glass ; it occurs 
frequently in nature. 

377. Hydrates of Sesquioxide of Iran. Tf hen an alkali is 
added to a solution of a salt of iron, a hydrate of sesquioxide is ohlained, 
containing SHjO. If dried at 212<^, it contains only H|0; above 500<^ aU 
t)ie water may be expelled; hcwly precipitated, this oxide dissolves freely 
in acids, forming ferric salts; the presence of gelatine, starch, &c. in solution, 
prevents its precipitation by alkalies; this oxide is used to remove sulphur- 
etted hydrogen from coal gas; it is a weak base. 

Q7B. Blaok, or Uagnetio Oxide, or Ferrosoferrlo Oxide, 
Fca O4. This is formed when iron is burnt in oxygen, or when steam is 
passed over red-hot iron. The hydrate is obtained by dissolving equal 
wcip[hts of ferrous sulphate in separate portions of water, boiling one with 
nitric acid to peroxidise it, then mixing with the other and pouring the 
mixture into a solution of potash. It forms a heavy crystaUine powder. 

379. Ferrio Aoid, H2 FeOi is obtained when the sesquioxide is 
mixed with 4 parts nitre, and heated for an hour to fall redness in a covered 
crucible; it yields the ferrate of potassium, a brown mass which gives a violet 
colour in a water solution; the acid is only known in combination with 
bases. 

880. Ferrous Chloride, or Protoohloride, FeCl», is got by 
passing dry hydrochloric acid gas over red hot iron wire. It has a grey 
colour, and is very soluble in water. The hydrate is procured by dissolving 
iron in hydrochloric acid; this contains 4Ha 0. 

881. Sesquiohloride, or Perohlorlde of Iron, Fes Cle, is pre- 
pared by introducing a red-hot iron wire into a bell jar of chlorine; the 
iron bums and forms crystalline, and very deliquescent scales of the per- 
ehloride. The hydrate is obtained by dissolving the hydrated peroxide, in 
hydrochloric acid. It forms large red crystals, Fei Cls, 6Ht O. 

382. Ferrous iodide, or Protiodide, Fe Ij, is procured by 
digesting iron wit^, ot- turnings, in a closed vessel with iodine, in water. 
The solution is green, which, evaporated out of contact of air, yields grey 
crystals, Fe I, 4H2 0. It is used medicinally, and lo produce iodide of 
potassium. 
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383. There are Bromides of Iron correspondiDg to the chlorides. 

884. Sulplddes of Iron, Frotosulphtde or Sulphuret 
of Irm^ PeS, is prepared by fusing iron filings with sulphur. 
It has a dark-bronze colonr, and is used to obtain sulphuretted 
hydrogen. 60 parts fine iron filings, 2 sal ammoniac, and 1 
flowers of sulphur mixed with water in a paste, forms a useful 
lute for joining iron vessels. 

Bindphide of Irvn, FeSs, is formed hy mixing the protosulpliide with 
half its weight of sulphur, sabjecting the mixture to a heat somewhat 
below redness. Magnetic Sulphide^ Fer Ss) is frequently formed in heating 
sulphur and iron together. Mispickel, or arsenio-sulphide of iron, FeS Afi, 
is found in some of the Cornish mines. 

385. Ferrous Nitrate, or Protonitrate of Iron, Fe SNOs . 
6Hs O. is obtained when iron filings are digested by very dilute nitric add. 
It is at first an olive brown, and afterwards a pale-green colour. It is 
crystdUized by eraporation, in vacuo, over salphuric acid. As is shown by 
the following equation, the above method does not yield a jDure salt: — 

lOH NO3 + 4Fe = 4(Fe 2N03) + H4 N NOs + SHg O. 

It is better prepared by using protosulphide of iron, with weak nitric acid. 

386. Ferrio Nitrate, or Pernitrate of Iron, Fe SNOs, x HsO. 
Nitric acid slightly diluted, and added to iron, yields tiiis salt. A basic 
nitrate is formed at the same time. 

887, Ferrous Sulphate, Protosulphate of Iron, 

commonly called Sulphate of Iron^ Copperas, or Grem Vitriol^ 
FeSO^.THjO; Sp. Gr., 1.86. This salt is procured on a 
large scale from wnj»yr«7e«, by heating that ore, and after- 
wards exposing it to moist air. It has then a grass-green 
colour, and contains ferric sulphate, It is obtained in a purer 
form, by heating together H protosulphide of iron, 1^ sulphuric 
acid, and 4 water. This mode yields bluish-green crystals. 
When exposed toau:, the salt assumes a reddish colour, by 
absorbing oxygen, and forming ferric sulphate, 2Fej,0^ SO3 . 
3H2O. If heated, it loses 6 atoms of water, forming a white 
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powder; when heated above 585^ it becomes anhydrons. If 
heated to redness, it is decomposed, yielding salphoric anhy- 
dride, which is partially resolved into aulphurom anhydride. 

2Fe 804 = Fes Os + SOj + 80». 

The remaining sesqnioxido is known in commerce as colcothar. 
The salt is nsed by dyers and calico printers; nsed too in th^ 
preparation of Prussian bluet ink, ftaming snlphnric acid, or 
Nordhansen acid, and as a medicine. It forms donble salts 
with potassium and ammoninm, as Fe SO4, E, SO4 • 6H,0. 

388. Ferrio Sulphate, Persnlphata, or Sesquisolphate of 
Iron, Fes 3S0i, is made by adding one equivalent oil of ritriol to two 
eqniTalents ferroos sulphate; the mixture is boiled, and nitric add is 
gradnallf dropped in, as bug as red fumes come off. It has a buff colour; 
18 found native as a white powder in OhilL It forms a double salt with 
ammoDinm, R^'SF^lHSOi, 12Hs O. 

380. SabphosphJde of Iron. FesP, is obtained by the ignition of 
phosphate of iron with charcoal. It is brittle; has a grey colour; phos- 
phorus renders iron more fusible ; injurious to iron when more than one per 
cent in it. 

390. Phosphates of Iron. Ferrout PhatphaU, Fe H FO4 is pro- 
cured by adding a solution of common phosphate of sodium to a ferrous 
salt. It is at first white, but by exposure to air becomes blue. Vivianite 
ia a native phosphate Fe' HPO4, 2Fe'' PO4. Ferric Photphate Fe'' PO4, 
2HsO. is a white insoluble body, precipitated from perchloride of iron, by 
julding an alkaline orthophosphate. 

891. Ferrous Carbonate, or Protooarbonate of 
Iron* Fe COa* This salt may be made by adding the carbonate 
of an alkali to a solution of a ferrous salt; if oxygen is excluded, 
it is a greenish powder; if air or oxygen is not excluded, 
it is rapidly converted into the red hydrated sesquioxide. The 
mineral called clay-irm ore, is found abundantly in Eng- 
landy being the chief source of the metal. The waters of 
Tnnbridge Wells, known as chalybeate waters^ contain 2 to 3 
grains per gallon of the carbonate of iron. 
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dOS. Otalittes bf Xton. i^^rrov* 0«(t2<lfif» 2l>sQi 0«) 8Hi 0) is 

got by ad^Dg oxftlate of ammoninm to ferrons sulphate, la solption. B 
forms a yellow crystalline powder. Pirric Oxalate is procured by adding 
a soluble oxalate to a fbrric salt It is a yellow powder. It fortns double 
salts which are freely soluble; on this account acid oxalate of potassiom 
removes ink stains from linen. 

dftS. Tests, ico.^Ferrou8 Salts. Vhej hare a green 
colonri inlqr taste, and redden litmus slightly. 

1 . If acid, bulphurettfed gives ncJ pp. 

2. Sulphide bf timmonittm giv6s A pp. of gi^eetiisli black 

hydrated sulphide. 

3. The alkalies give pp. of hydrated protoxide — oxygen 

is rapidly absorbed from air, changing it into sesqui- 
oxide. 

4. Ferrocyanide of potassium gives a pale blue pp., which 

rat)idly becomes a depp blue. ^ 

d. Ferricyanide of potassium gives a rich blue pp.^ a Pros- 
sian blue. 

6i A green glass with borax, in reducingMmQ. 

Ferric Salts^ The solutions fare generally brownish-yellow. 

1. Sulphuretted hydrogen give& a milky-White pp. of 

sulphur, and reduces them to ferrous salts. 

2. BtdpWde of femmonititn gives a black pp. of sdlphide 

of iron. 
8; The alkaliw and their carbohatea throW down reddish 
brown hydrated peroxide. 

4. Sulphocyiifiide of potassium gives a blood-red solution. 

5 . Ferrocyanide of potassium, blue pp.— common Pruasian 

blue. 
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dolonr; 

7. (tincture of galk gites ati immediate blue black pp. 

8. Ill reduciilg flaine, h gf eeti glass With b0rai~th6 coloilr 

disappears in oxidising flame. 



Chromium, and its Compounds, 

894. Ohromium (Or c= 52.5; Sp. Gr. 6.81) occurs iii 
natiire as Chromate of leadj Pb Cr04, and as prbfoxidi^ of &oH 
with sesquumde of chromium, FeO, Org Og. The metal is obtaihdS 
from the oxide, bjr mixing it, finely powdered, with one^tenth 
its weight of charcoal, making a paste with oil, and then 
sttongljr heating in a cruciblfe; The reduction is difflbult. Bjr 
this method, it contains carbbn "Wth the metal; it scrtttdhfes 
glass; takes & good polish; has the colour of platinum; lias 
no application in the arts. 

305. Oxides of Chromium. Protoxide, OrO, is obtained a? a 
brown Av^fmte, by adding caustic potash to ehromons chloride; it readily 
absorbs oxygen from air. Sesquioxide, Cr2 O3, is prepared by exposing ihe 
chromate of ni^rcilf^^ or (;hH)milt6 of ammonittin to a dull red heat. It is 
gre^, iidi bHaHged by heat; nded In enamel atidporceliiinpaihtlngt Inay be 
obtaihed as hvdrdte, by Itgidulating bichromate of potassinm, #ith imlphnric 
acid, ilnd boiflng with the tlddition of alcohol. It forms the colonring mutter 
of the emerald. Chroine iron-stonis FeO, Cr2 O', is the chief niiserd of 
chfomittin; it il iicfti-ceiy attabked by aeids; does not fhso in th« famaoe. 
J^hMiic Aeidi H ClrO^, appears to existj nocompoandgbf it are kliewn. 

396. Ohromioi Anhydride, or Chromio Acid, CrOa, is most 
easily ooiained 1^ mixing 4 measures bf a saturated solhtion df bichromate 
of potassiuin witti 6 snlbhuric aad; chrdihic ahhydride separkt^ii i)l ciriiflMn 
needles; they have a soiiir and ihbtlllib ttti^te; it acts {ioWenally tM Hn 
oxidising and bleaching agent. 
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307. Anliydro-ohromate of PotaaBlmn, Bed Chromau, or 
Bichromate of PoUuh, Ks O, 2Cr08> is prepared b^r heating chrome tnm- 
atone to redness, and cooling in water; reducing it to powder; heating 
in raverberatoiy furnace with chalk and carbonate of potassinm; digest- 
ing in water with addition of carbonate of potassinm, then supersaturating 
with nitric acid; and finally evaporating the solution. It forms red ciys- 
tals which are anhydrous; at a red heat they fuse into a liquid, and after- 
wards congeal, and at last fall into a powder. Neutral Chramate, or YeBow 
Chromate of Potash, Ks Cr04, is obtained by adding carbonate of potassimn 
to a solution of anhydro-chromate. It forms yellow prismatic crystals 
having a disagreeable taste; has a crimson colour if heated to 400°, bot 
resumes the yellow on cooling. A Terchromatef Ej O, SCrOsy has becD 
obtained as red crystals. 

308. Otlier Chromate& Chromate of Sodium, Na« Cr04 . IOH3O. 
is prepared similarly to chromate of potassium: there is also an add 
chromate of aodium. Chromote of barium, Ba CrO^, is a yellow powder. 
Chromate of Lead, Pb CrOS is procured when the chromate of potassium 
is added to a solution of acetate of lead. It forms the paint called chrom 
yellow. By digesting the neutral chromate of lead, in a weak solution of 
potash, the di^ie chromate is obtained 2PbO, CrOs. These chromates 
are used as oil and water colours, and in calico-printing, and dyeing. 

Vanqudinite is a double chromate of lead and copper q. [ 20 . 4 (^) 

CrOs* Melanochrotte, SPba O . 2Cr2 O3, is a dark red mineral. Basic 
Mercurous Chromate, 3H2 Cr04> Hgs O, is obtained when basic mercuroos 
nitrate is added to a chromate. Chromate of Silver, Ag2 GrO^, has a dark 
red colour. Bichromate of Chloride of Potassium, KCly CrO^, forms orange- 
coloured crystals* 

Sesquistdphide of Chromium, Cvt Ss, is obtained as black scales like 
black lead, when the vapour of bisulphide of carbon is passed through 
a red-hot tube, containing sesquiozide of chromium. 

399. Compounds of Chrominin and Chlorine. Chromous 
Chloride, Cr C\», This is a white substance, which gives a bine solution; 
it is prepared by heating the chronic chloride to redness in a current of dij 
hydrogen. Chromic Chloride, or Sesquichhride, Crs CI^ is procured as 
violet-coloured scales, when dry chlorine is passed over a mixture of fine 
sesquioxide of chromium, and charcoal. CMorochromic Acid, Cr CU Oj, i-* 
a red fuming liquid; water decomposes it; it is prepared by heating a 
mixture of chloride of sodium, chromate of potassium, and sulphuric acid. 

400. Fluoride of CJiromium, Cr Fe is got by distilling 4 puts 
chromate of lead, 3 powdered fluorspar, and 8 oil of vitriol in platinum r^ 1 
tort. It forms deep-red fumes, which may be condensed into a red liquid, 
or crystals. 
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401. Nitride of Ohromitim, Crs Ni ?, is obtained bj heating in 
a current of dry ammonia, the anhydrons chloride of chromiam. It is not 
soluble ; has a chocolate-brown colour. 

402. Sulphates of Ohromiam, Cr^ SSO^. Of this salt there are 
three kinds. The green yariety, CrSSOi. 5H2 O, procured by boiling hy- 
drated oxide of chromium, with oil of yitriol ; this does not ciystallize. The 
violet form, obtained by adding 9 parts of oil yitriol to 8 dried hydrated oxide 
of chromium, in a yessel exposed to air. This yields crystals which may 
be afterwards dissolyed in water, and separated by alcohol ; they contain 
l5Hs O. This kind forms with sulphate of potassium or ammonium, 
tbe double salt, chrome alum, K Cr 2SO4 , 12Hs 0. Either of the above 
sulphates, heatedto 700<> becomes anhydrous, and forms the red kind, which 
is insoluble in water, Ci!2 SSOi 

403. Nitrate of Ohroxnitim, Cr SNOs is obtained when nitric 
acid is added to the hydrated sesquioxide ; it has a green colour. 

404. Oxalates of Ohrominm. By mixing a solution of the 
green sesquichloride witu oxalate of ammonium, a green insoluble ^p» is ob- 
tained. When the hydrated sesqiiioxide is used with oxalic acid, a green 
soluble oxalate is procured. Oxalate of chromium, with alkaline and earthy 
oxalates, yields two series of double salts : Dark blue SaltSy W3 Cr'^ 
3C2 O4 ; Red Salts, M'Cr" 2C2 O4. 

406. Tests, &0. Chromom Salts: — 

1. Potash gives a brown pp. of hydrated protoxide. 

2. Ammonia gives a greenish-white pp. 

8. Sulphide of potassium gives black sulphide. 

4. Ferrocyanide of potassium sfreenish-yellow pp. 

5. These salts reduce solutions of gold to metal. 

Chromic Salts: — 

1. Potash and soda give green pp.; excess dissolves it; 

boiling reprecipitates it. 

2. Ammonia gives gelatinous pp. 

3. Carbonates of alkalies give green pp. 

Chromates: — 

1. Yellow pp. with salts of lead. 

2. Orange pp. with salts of mercury. 
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S. 9M K», with «am of »!?«?, 

4. Decomposed, when boiled with ^ii|;e oil pf yiiajol, fmd 

sugar, or alcohol. 
St Gwtfr^w qoIqw tQ l^raii in r^ncflig flame, ^ ffi 

ill oxidising flame. 
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406. DCaaganese (Mn » t6; Sp. 0r., 8.018) ia ^mid 
fp nature most commonly as peroxide, or black oxide of 
ip^pgan^^ M^Qf MnOj. The metal is procured by imxing 
(ihe earbonate into a paste with oil; putting the mixtore m a 
prucible Ijned with cj^coal, and gradually heating to redness; 
then submitting for 2 hours to a white hl^t- It i^ thus 
obtained as a metaljjp glpbul^^ having a grey poIqw. It 
tarnishes IQ pir; gives off an unpleasant smi3ll when handled; 
is very feebly magnetic; it renders iron harder and more 
elastic. 

407. F^txucide pf If angaAeae, or ||[aiis;^ous Oxide, IfnO, 

18 made by strongly heating tne Carbonate in a cilrrent of hydrogen. It 
has a dir^ gceen colour; bnnw Uk§ ^Q^ep ab9Yf igOp9; 9)^ an ^Ucali, it 
foims the foUowing hydrate, MnO, H2O. 

408. Ses^xdoxide of Manganese, or Manganic Oxide, 
MnsOs. This 18 prodooed whsn the carbonate is heated f(Hr jeK>me time to 
redness in an open vessel. It is a dark-brown powder. ' As a hydrate, it is 
obtained by passing chlorine through manganons carbonate, in water. This 
oxide gives a violet, or pink tinge to glass. The i^ndydroim gxide is found 
native and known as or^uite. Manganic is the hydrated sesqaioxide, 
Mn2 0s,H20. 

409. Binozide, Peroxide. Deutozide, ra» Oxide 
of Manganese, MnQ, MnQs; Sp. Qr. 4.91. tW U found 
native. It occurs in Dercmsbir^ At^eeq^IWfli f^- When 
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mre, it is called pt/rohdriie; when amorpbons, it is pHhmelane; 
VoTvicik is a crystalline hydrate, Mos Obi ^Mn 0^ H,0. W^d 
ilso is a hydrate. It is a good condnctor of electricityi with 
icidQ it js a osefpl o^adisiug agent; doe^ not unite with acii^ 
but when they redace it to protoxide it combines with them. 
It is nsed to supply oxygen; in preparation of c^WHe j ty glw 
maker and calico printer. 

410. Red Oxide of Manganese, Mds O4 is foimed when any of the 
Qzidefl o£ maBgaataa are heated to ndnaai in the air. EwMmcamU is a 
red oxide. 

411. Manganic Acid, H2 Mn04. This is obtained by fasuig eaoal 
parts of coiistic potaph, end finelj powderecl peroxide of manganese, ^his, 
with a little water, is green, more dilute, it is purple, and still more red. 
It is hence called mneratchamdnm. Nitric acid added, changes the gceen 
iqto the red Und. 

418. Ma&gaiiatOfl. These salts axe green, bnt an readily ehanged 
to red by the addition of a little free acid ; this arisen from the formaUon 
of a permanganate : — 

5K3 Mn O4 + 4H2 SO4 = 4K Bln04 + Mn SO4 + 8Ka SO4 + 4H2 O . 
Sulphurous, phosphoronsy and nitrons adds reduce them, rendering them 
coU^Qiless:^ 

Ka Mn O4 + ^Ha SOg = Mn SO4 + Ht SO4 + 2Ha 0. 

418. Permanganic Add, H Mn O4, is easily obtained by boiling 
the green solution of manganate of potassium. Organic nu^tter decompose 
it, it must therefore be filtered through asbestos. It forms ruby-coloured 
crystals. P&rmanaanate of potas^um is used to determi^ the amount of 
organic matter in air | Oondey*8 I).i9infecting Liqui4 cQusisti of tlie man- 

fanate and permanganate of potassium ; a solution of permangana^) is sold 
y the name of ozonized tpater. Permanganic ac^d form9 permanganates 
with lead, silver, barium, and ammonium. 

414. Frotosnlpliide of Manganese, Mn 8, « Ha Q, mty b^ ob- 
tained by adding the sulphide of ammonium to a manganous salt ; thus 
prepared, it is a yellowish red hydrate. Then is a native sulphide found 
in Corn^^, kpown as mangfinese blende, 

416. Ghlori4efl of Uangaaaae. Jlla«ya«fw< CVofule qr proto- 
chloride^ Mn CI2, ^Ha 0. This is a waste product in the ordinary method 
of preparing chlorine. This residw is made to yield the pun chloride, by 
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paaaiiig salpharetted hydiogen throagh its solaiiop, and afterwards addiiu; 
newlj precipitated snlphide of manganese. The salt is formed as pink 
crystals. Manganic chloride^ Mna CI0, is formed when cold hydrochloric 
acid is added to the sesqnioxide ; has a dark brown colour ; mast be con- 
centrated in vacuo; a gentle heat converts it into 2Mn Cis, giying off 
2 eqs. of chlorine. An Oryckloride. or Perchhride, Mnj CI7, is produced 
by adding fitsed chloride of sodium to a solution of permanganate of 
potassium, in sulphuric acid. It is a green vapour, which may be con- 
densed at 0^ into a greenish-brown liquid. 

416. There are Fluorides corresponding with the above chloridet^ 

417. Nttrate of Manganese, Mn N(^ . SHsO, is procured hj 
adding dilute nitric add to the protoxide, or carbonate. By evaporation, 
tn vaeuOf it forms prismatic crystals, having a bitter taste. 

418. Sulphate of Manganese, Mn SO4 . 5H,o. This 
is obtained on a large scale by mixing the black oxide with 
snlphuric acid into a paste, then heating to dull redness; oxygen 
is evolved, and on washing the dried mass, the salt may be 
obtained in solation, and afterwards in crystals by evaporation. 
It is nsed in dyeing and calico printing; when cloth is passed 
throagh a solution, and then through an alkali, protoxide of 
manganese is left on it, forming the manganese broum oolonr. 
The crystals are slightly pink, and have a bitter taste. It 
forms double salts with potassium and ammonium— Mn SO4, 
E, SO4, 6H,0. There is also a sesquisulphate of manganese. 

410. Carbonate ot Manganese, Mn COs. This is precipitated 
as hydrate when an alkaline carbonate is added to the protochloride, 23fn 
CO3 . H2 0. The native carbonate is called Manganese spar, Diabgite. 
Red Manganese, Brown spar, or Manganspath. 

420. Tests:— 

1. Sulphuretted hydrogen produces no pp. 

2. Sulphide of ammonium gives flesh-coloured sulphide. 

3. Potash and soda give white hydrated protoxide. 

4. Ammonia gives similar pp., soluble in excess. 
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5. Carbonates and bicarbonates throw down a white car- 

bonate. 

6. Ferrocyanide of potassinm gives a white^ and ferri* 

cyanide a hrownish-red pp. 

7. A trace of manganese may be detected by boiling the 

solution with weak nitric acid, and a little peroxide of 
lead, the red permanganic acid being produced, if 
free from chlorides. 

8. Fused with carbonate of sodinm, a blnish-green 

manganate of sodium is formed. 



Uranium, and its Compounds. 

421. XTranium, U = 120, was discovered by Klaproth, 
in 1789, in the mineral pitchblende, 2U0, Vfi^. Uranite is a 
double phosphate of calcium and uranium, Ca 2(Uj 0,) 2PO4, 
SHaO- Chalcolite has this formula Cu 2(UA) 2PO4, 8H,0. 
The metal is obtained from the chloride, by decompositioi^ 
nsing sodium, as in the preparation of magnesium. It is 
white, and somewhat malleable; bums brilliantly when heated 
in air. 

422. Oompounds of Uranium:— 

Protoxide, or Uranous Oxide UO. 

Black Oxide 2U0, UjOg 

Green Oxide UO, U, Og 

Sesquioxide, or Uranic O^de U3 Og 

Chloride of Uranium Ug Clg 

Bichloride, or Uranous Chloride U CI, 

Oxychloride of Uranium UO CI 

Sulphate of „ ^ U SO4 

Nitrate of „ UA SNOg . 6HgO 
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488. Teats, &o. 

1. Sulphide of Ammonium gives a dark-brown pp. 

2. Sulphuretted hydrogen, no pp. 

8. Potash, or Ammonia throws down an orange-yellow 
uranate, 

4. Ferrocyaaide of Potassium gives a brown pp. 

5. Alkaline carbonates give a yellowish green pp. 

6. Borax bead, green, in the mnoTf and yellow in the aulBr 

flame. 



Tin, and its Compounds. 

424, Tin, 8n=118 ; Sp. Gr. 7.292. The chief ore of this 
metal is Un^stmB^ or binoxide. It occurs abundantly in Com- 
wall. With sulphur it is met with as tm-pyrUes. If tinstone 
is found with other ores in veins, it is called mine-tiny and if 
as an alluvial deposit, stream tin. The metal is obtained by 
slampnig and washing the ore ; roasting in a reverberatoij 
ftamace to expel arsenic and sulphur, when it becomes a 
yellowish-brown powder ; exposing the mass to the air for a 
few days ; it is then washed to remove sulphate of copper, and 
oxide of iron ; exposed to reverberatory furnace with } its 
weight of small coal; cast in ingots ; remelted on inclined 
hearth of furnace (liquation) separating the purer kind which 
is most fusible ; the less fusible metal, when remelted, forms 
block tin. The more pure metal, whilst still in a fused state 
in a pan, is stirred a few hours with wet stakes of wood, causing 
impurities to rise to the surface. If this is again melted, and 
dropped from a height, it yields grain, or dropped tin. 
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Tin has a white colour with a slight tinge of yellow ; is 
softer than gold ; is malleable, thoagh wanting in tenacity ; 
beaten into thin leares, it forms tin-foil ; tin-foil of commerce 
nfioally contams 30 to 40 per cent, of lead ; tin crackles when 
bent ; gives off a peculiar smell when rubbed ; fuses at 442* ; 
strong hydrochloric add, when heated, dissolves tin ; dilute 
nitric aeid acts powerfully on it, forming hydrated binoxide, 
or fnetastannic aeid ; strong oil of vitriol, boiled on it, forms 
the sulphate of peroxide ; is slowly acted on by air, or moisture; 
powdered tin is made, by shaking the melted metal, in a wooden 
box, chalked inside. 

425. Tin Plate is an alloy of tin and iron. It is pro- 
cnred by dipping carefully cleansed iron plates, in melted tiu. 
The crystaUine appearance, known as moiree metalliq'ue, is pro- 
duced by heating tin plate, and quickly sponging it with an 
acid, composed of 2 parts nitric^ and 3 hydrochloric acid, with 

' 8 water. Pins are tinned^ by boiling them a few minutes, in a 
solution consisting of 1 part cream of tartar, 2 alum, 2 com- 
mon salt, and 12 water, with granulated tin. 

426. Tin Alloys* Britannia metal consists of tin, cop- 
per, antimony, bismuth and a little lead Fewter contains 
about 4 parts tin, to 1 lead. Queen's Metal is composed of the 
same metals as Britannia metal^ in different proportions. 
Solder is an alloy of tin and lead. 

427. Oxides of Tin. Stannous Oxide or Protoxide of Tin. SnO. 
This is procured as a white hydrate, SSnO, H2 O, when a solution of staii^ 
nous chloride is added to carbonate of sodium in excess. It is of a dark 
colour. When anhydrous it is a dark grey, or black powder. Binoxide 
of Tin, Sn02 occurs native as tin stone. This is the only oie that is 
worked ; when crystallized, it is generally brown. The hydrate is an acid, 
and may be procured in two conditions, Stannic and Metastannic, _ 
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428. The Staanie acid, Ht SnOs. may be obtained hj precipitatixig the 
tetrachloride of tin, by ammonia. The Metastannic H2 Sns Ou.4Hs O by 
treating metallic tin with nitric acid, both theae acids unite with metals, 
fonning Siannatei, and Metaatannatet. Statinate of Potasaiym Es SnOs, 
4Hs O is prepared by heating peroxide of tin with canstic potash. It is 
used as a mordant Sesquioxide of Tin, Sni 0& This is obtained by 
boiKng hydrated sesquioxide of iron, with a solution of stannous diloride. 
It giyes a purple pp. with salts of gold. 

429. Sulphides of Tin. Protostdphide, SnS, is formed by heating 
Bolphnr with tin. It is brittle, and has a brownish-black colour. Sesqui- 
sulphide* Sns S3 is obtained when the protosnlphide is heated with one- 
third its weight of sulphur. It has a metallic lustre, and yeUbwish-grej 
oolonr. Bisulphide of Tin, Sn Ss. This is known as Mosaic goUL It is 
got by amalgamating 12 parts tin with 6 mercury; reducing this to powder, 
ai^ mixing with 7 parts sublimed sulphur, and 6 sal ammoniac ; the mix- 
ture is gently heated in a flask, driying off white fumes, and then heated to 
redness. It forms soft golden flakes ; aqua regia is the only acid that dis- 
eolyes it ; it is imported from Holland and Grermany as bronze powder for 
ornamental work. 

^ 430. OUorides of Tin. Stannous Chloride, Sn Ci; 
Got as hydrate by dissolving tin in hydrochloric acid. It 
forms prismatic needles, Sn Cl^, 2H,0 ; the water may be re- , 
moved by heating to 212® F; the anhydrous chloride may be 
obtained too, by distilling equal weights of granulated tin and 
corrosive sublimate, 

Hg a, 4- Sn = Sn CI2 + Hg. 
It forms a grey solid, known as lutt&r of Un. This 
chloride is used as a mordant^ and generally called sdlU 
of tin. It acts powerfully as a reducing agent 5 it forms 
double chlorides, with many other chlorides ; with solution of 
gold it yields Purple of casaim ; it decomposes the salts of 
mercury, silver, and gold. Stannic Chloride^ TetraMoride^ or 
Bichloride of Tin, Sn GI4. When one part tin filings is dis- 
tilled with 4 of corrosive sublimate, this chloride passes over. 
It is a colourless liquid, giving off fumes in air. With water, 
it forms a hydrate, Sn Cl4* SHjO. An excess of water predpi- 
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tates hydrated stannic acid. Metallic zinc decomposes this 
chloride ; it is much used by dyers ; fonns double salts with 
soluble chlorides, 

431. Tests, Sec— Stannous Salts :— 

1. Sulphuretted hydrogen and sulphide of ammonium 

give a deep brown protosulphide. 

2. Potash and soda give a white pp. of hydrated pro- 

toxide, soluble in excess. 

3. Ammonia, alkaline carbonates, and bicarbonates give 

a white pp., insoluble in excess. 

4. Corrosiye sublimate gives a white pp. 

5. Granulated zinc,^in acidified liquid, separates tin in 

crystals. 

6. With chloride of gold, purple of cassius is formed. 

7. Ferrocyanide of potassium gives a white pp. 

Stannic Salts : — 

1. Sulphuretted hydrogen, and sulphide of ammonium, 

give a dirty yellow pp. of bisulphide of tin. 

2. Potash and soda, a white pp., soluble in excess. 

3. Ammonia and alkaline carbonates, a white pp., insoluble 

in excess. 

4. Corrosive sublimate, and chloride of gold give no pp. 
All the compounds of tin yield, with carbonate of sodium 

in reducing flame, metallic tin. 
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Arsenicum, and its Compoimdsr 

432. Apsenloum or Arsenic, (As = 75 ; Sp. Gr. of 
solid 5.7 to 5.9. Atom. Vol. f). This metal is generally 
fomid native in combination with iron, cobalt, nickel, copper, 
or tm. MispicM, FeAsS, an arsenical snlphide of iron, or 
arsenical pyrites is the chief sonrce of arsenic. Bealgarj the 
red bisulphide, and orpimenty the yellow tersulphide, are rarer 
ores of arsenic. 

The metal is obtained by roasting the are^ and collecting the 
arsenious anhydride, which is sublimed in chambers; then 
mixing with a little charcoal, and heating in a crucible, which 
is coTcred by another crucible, luted; the sublimed'' arsenic is 
condensed in the upper crucible. 

The metal has a bright steel-grey colour ; is very brittle; 
volatilizes without fusing at about 400^; slowly oxidises in 
moist ak^foTmiagfly-pawder; at common temperatures, has no 
taste or smell, but has smell of garlic when volatilized ; forms 
chloride of arsenic when dropped into chlorine ; nitric add 
and aqua regia dissolve it, forming arsenic acid ; hydrochloric 
acid does not dissolve it; heated in air, it forms arsenious 
anhydride. It is used in the preparation of green and yellow 
pigments ; in manufacture of flint glass, and as a poison for 
vermin. 

433. Arsenious Aoid. or Arsenious Anhydride, Ase Os. This 
in commerce is know as white arsenic, and is obtained as described in the 
last par. ; it exists in two forms, the vitreous and crystalline ; is nearlj 
tasteless ; both kinds dissolve fieelj in hydrochloric add ; water at 212^ 
dissolves 11 to 12 per cent ; when fdsed with dry acetate of potassium, 
cacodyle is given off ; arsenious acid acts as a deoxidizer. 

434. Arsenites. Arsenious add forms with the alkalies, soluble 
arsenites ; Fowler's mineral solution, or tasteless ague-drop is the anenite 
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of potattinm ; anenite of copper, or Seheele'i green, (Ca H As Os ), and 
Sehumnfurt green (8Ga Ass Oi, Ca SGs Hs Oa ), or emerald green are n sed 
extensiTelj as pigments. 

436. Arsenic Anhydride or Arsenic Acid, As, 
Off. This acid is obtained as a white mass by distilling a 
mixture of 1 part hydrochloric acid, 12 nitric acid, and 4 
arsenioos acid. It is a deliquescent anhydride ; it dissolves in 
6 parts coldi and 2 boiling water; sulphurous acid reduces it 
to arsenious acid ; with aniline it gives a purple dye ; it has 
been used of late by calico printers in place of tartaric and 
phosphoric acids. 

436. Arsenates. These are tribasic like the phosphates, and may 
be represented generally by Ms As O4. One of the most important com- 
ponnds is arsenate of sodinm, Nas As O4, 12Hi O, which is prepared by 
saturating arsenions anhydride with soda-ash, and igniting the dried mass, 
in a rererberatory fiimaee. It is nsed by calico printers. Paper, im« 
pregnatedwith the solution and dried, is nsed as fly-poison, Papier Moure^ 

437. Sulphides of Arsenic, Realgar, or Bisulphide of Araenie 
Ass Ss . This occnrs native as red crystals. It is prepared by heating 9 
parts arsenicnm, and 4 siodphnr. White Indian Fire contains 24 parts salt- 
petre, 7 solphnr, and 2 realgar. Orpiment, Tersvlphide of Arsenic, €Bt 
Stdpharaenioue Anhydride, Abi Ss, It is a native compound.; may be 
obtained by passing sulphuretted hydrogen through a solution of arse- 
nious add in hydrochloric acid ; it forms a yellow powder. It is the 
hsaaa of King'i yellow. 

438. Sulpharsenio Anhydride. Persulphide or Pentandphide of 
Areenic A83 S This is readily got when sulphuretted hydrogen is passed 
through a strong solution of arsenic acid. It has a yellow colour. It is 
insoluble in boihng water. 

439. Terhydride of Arsenic, or Arsenuretted Hydrogen, 
As H3 . This is a gas, and is prepared best by heating equal weights of 
powdered arsenicum, and zinc, and then adding hydrochloric acid to the 
aUoy. It has the smell of garlic ; it is remarkably poisonous ; three chem- 
ists have died in experimenting with it ; blackens paper dipped in solution 
of nitrate of silver, but does not change colour, if paper is impregnated 
with lead salt it is inflammable, burning, with bluish white flame ; may be 
liquified under atmospheric pressure at— 40^. 
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440. Tero1ilorld6 of Arsenio As Cla . This is the only known 
ehloride of anenic. It is ohtoined when powdered arsenic is dropped into 
ajar of chlorine. It is a densd, transparent and oily-looking liquid ; does 
not freeze at— 20° $ fumes in air ; a powerful poison ; a solution ia nsodas 
amedacine. 

441. Terlodide of Arsenio, As Is , is got by heating iodine and 
anMBicnm in a flask. It appears in flakes of a red colour. Terbromide 
As Btb, is obtained in a similar manner. It is a ctystaline sabstanoe. 
Teifluoride As Fs, is procured by distilling fluorspar, arsenious anhydride, 
and oil of yitriol. It is a colourless liquid, which corrodes glass . 

442. Tests, &o:— 

1. Sulphuretted hydrogen gives a yellow pp. in solution, 

acidified with hydrochloric acid. Ammonia dis- 
solyes this pp., but does not dissolve yellow sulphide 
of cadmifam, and thus they may be distinguished. 

2. Ammonio-nitrate of silver gives a yellow pp. of arsenite 

of silver, 

3. Ammonia-sulphate of copper gives, with arsenious 

jBudif a green pp. 

4. By reduction with carbonate of sodium and charcoal, 

giving a steel-grey ring in the tube used. 

5. By Marsh's testj in which arsenic forms arsennretted 

hydrogen, and may be burnt, giving distinctiYe spots 
on a cold plate ; or may be decomposed by passing 
through a heated tube, producing a steel-grey ring. 

6. By BeinscKs test, in which metallic arsenic is obtained 

as a film on copper, may be driven off by heat, and 
collected in a closed tube. 
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Antimony, and its Compounds. 

443. Antimony, Bbsl22 ; Sp. 6r^ 6.71. This metal 
is sometimes found native, bat is always prepared from the 
natnral sulphide. In its preparation the ore is melted, by 
which, many of the insoluble earthy impurities are removed ; 
it is cast in cakes, and afterwards powdered ; it is then heated 
to drive off sulphur ; it is next mixed with one-sixth its weight 
of powdered charcoal, and made into a paste with solution of 
carbonate of sodium ; the mixture is now heated in crucibles, 
when the metal collects at the bottom, and scoria, or erocuB of 
animonj/j in the upper part ; by remelting, the metal is pre- 
pared for market. 

This is a bluish-white metal ; it is very brittle ; powdered 
antimony bums in chlorine; it is not dissolved by hydro- 
chloric acid, but freely in aqua regia; it is oxidised by nitric 
acid, and boiling sulphuric acid ; it fuses at 840o. Type metal 
contains 4 parts lead and 1 antimony ; music type contains 
tin. Reaumur's alloy consists of 7 parts antunony, and 3 iron 
filings. 

444. Oxides of Antimony. Antimmic Oxidsy Ses- 
qui(mde, or Teroxide of Antimony^ 8b, Oa. This is prepared 
by boiling to dryness powdered antimony, with excess of 
GPolphuric acid ; sulphuric acid is removed by washing with 
water and carbonate of sodium. It is a white powder; it 
bums like tinder in air; is found native as whitB ore of anti- 
mony. 

446. AlltimoniO Anhydride, or Peroxide of Antunony, Sbs O5 . 
This oxide is formed by treating the metal with nitric acid. It has a pale 
yeUow colour $ is tasteleas, and insoluble in water. 
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446. Antlllionlatea Antimonic acid forms nentral and acid salta. 
The fi^owiog are some (xf these componnds : — Acid-aniinumiate of pataM- 
aium, K2 Sb4 On ; Acidrmetantinumiate of potassiunif Ka Hi Sh% Of 9 6H1 ; 
ABid^netauHmmiaU of sodium, Naa Hs Sbs O7. 6H3 O. 

447. Antimontiretted Hydrogen, Sb H,? This u 
got by adding sulphuric or hydrochloric acid to an alloy of 
zinc and antimony. It is a gas, having no colour, and nearly 
free jQrom odour; bums with a greenish- white flame, yielding 
white fumes of oxide of antimony ; is burnt in testing for 
antimony, Ua/rsKs test (442). 

448. Sesqnisulphide, Orude Antimony, or Ter- 
snlpUde of Antimony, Sb, ^. May be got by fasing 
antimony and sulphur. It is dark grey, and has a metallic 
appearance. The oxide with the sulphide forms compounds 
Imown as saffron of antimony y^ni liver of antimony. The 
orange-coloured hydrated sulphide is precipitated from salts of 
antimony by sulphuretted hydrogen. Kermes mineral is 
formed by fusing this sulphide with carbonate of sodium; 
Bed antimony ore Sb203,2Sb2S3, is a native oxysolphide. 
Animony t/ermillion, used as a red paint, is the artificial 
sulphide. Glass of antimony is an oxysulphide. Golden 
sulphide of antimony is obtained from the mother liquor used 
in preparing Kermes mineral. The native sulphide, ^^ 
mhUmony ore, is generally found of a bluish-black colour, 
crystallized in four-sided prisms, with granite or slate rock. 

440. PersnlpMde of Antimony, or FentasulpMde of An- 
timony, Sb2 Ss . This is obtained bj passing sulphuretted hydrogoi 
through a solution of pentachloride of antimony. It is an orange-colomed 
powder. With potash and soda, it forms suHphantimoniatesy as snli^iaiiti- 
modiate of sodium, Nas bbS4 • 9Hs O. 

460. OhlorideB of Antimony. Terchhride ofAnHnumy^ Sb Gb. 
This is produced when powdered antimony is sprinkled into ajar of ch]orin«» 
or by distilling 8 parts powdered antimony with 3 coiroeiTe sublinuite. 
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2Sb + 2Hg Clt s SbCSs + SbHg + Hg a. 
This is a soft substance, hence called butter of antimony; it deliquesces in 
air. It is nsed to bronze gan barrels. Powder of Algaroth an oxychlorfde 
may be represented bj 2Sb Cl^ SSbs O3 : it is obtained by adding a laxgd 
qaantity of water to the chloride ; used as an emetic. PercSofide, or 
JPentachloride of Antimony^ Sb Clfi , is got by passing dry chlorine over 
heated antimony. It is a volatile liquid. 

461. Terhromide, Sb Brs , is prepared as colourless crystals. Ter- 
lodlde, Sb Is , is a dark red body. Taxtar-emdtio 2 [K (SbO) d Ha 
Oe ] Ha O is used medicinally (205). Selenide of Antimony is repre- 
sen ted by Sba Ses ; 

452. TestSi &o.— 

1. Sulphuretted hydrogeu gives a dark orange sulphide; 

2. Zinc decomposes the salts in solution, throwing down 

the metal as a black powder. 

3. Ammonia and its carbonate give a white pp. 

4. Potash gives a white pp, soluble in excess. 

5. Except when tartaric acid is present, water in large 

proportion decomposes the salts. 

6. By Marsh's Test, see Arsenic. 



Bismuth, and its Compounds. 

463. Blsmutll, Bi = 2iO ; Sp. Qr. 9.79, This metal 
occurs native in Cornwall, Saxony, Bohemia, &c. It is readily 
obtained irom the ore, by fusion. It is a brittle metal ; has a 
reddish white colour; fuses at 507^; somewhat volatile at a 
great heat; oxidises rapidly at a red heat, if exposed to air; 
nitric acid dissolves it freely, but hydrochloric acid scarcely 
at all. FusibU Metal contains 2 parts bismuth, 1 lead and 1 
tin ; such alloy may be used for taking casts from medals, &c. 
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464. Oxides of BianLUth. BumuM: Oxides or Tertmide of Bit- ■ 
muih. Bis 0| . Qot anhjdroos by heating basic nitrate at a low red heat. 
It is 8 yeUow powder, insoluble in water, and foses at a red heat. 
The hydrate Bi H0> is procored when an excess of ammonia is added to a 
Hit of the metal Bitmuthic Anhydridet or Peroxide of Bismuth Bia O^ . | 
This is obtained by dropping nitrate of bismuth into a solution of canstic 
potash, boiling in this solution, then washing the pp., and afterwards dlf- | 
nudoig it through a solution of potash, with chlorine passed into it. It is a 
red powder, HBi Os ; rendered anhydrous by heat. i 

455. Sulphide of Bismutli, Bi2 Ss . This is prepared by fusion 
of the metal with sulphur. It has a bluish lustre. Occurs in needles, and 
in crystals wi^ natlTe sulphide of antimony, when it is called bismuth 
glance. 

456. Terohloride of Bismuih, or Ohloride of BisnLnth, Hi, 
Cnb . This is formed by heating the metal in chlorine. It has a gref 
oolonr ; was called butter of bismuA ; deliquesces in air ; is decomposed 
by a large quantity of water, into hydrochloric acid, and oxycldoride of 
6tfm«<A, ox pearl white 2 (Hi Cls , Bis Oj ). Hs O. 

457. Teriodide of Bismutli, Bi Is . Got by heating bismuth 
and iodine. Em a dark brown colour ; it is insoluble in water. 

458 Nitrate of Bismuth, Bis NOs , 5Hs O. Nitric acid ponied 
on powdered bismuth yields this salt. It forms prismatic crystals. If 
much water is added to it, a subnitrate is precipitated 2Bi NO4 , Hs 0, 
formerly called magistery of bUmuA . It is used in medicine, and fir^aentlj 
contains arsenic. 

469. Tests, &c.— 

1. Sulphuretted Hydrogen aud Sulphide of Ammonium 

give brown or black precipitates. 

2. In acid solutions of oxides, the alkalies giro white 

piecipitates. 

3. Ohromate of potassium gives a yellow pp.. 

4. Iodide of potassium gives a purple brown pp. 

5. Ferrocyanide of potassium gives a greenish white pp. 

6. Acid solutions are decomposed by zinc, lead, tin and 

cadmium. 

7. Metallic button on charcoal. 



pnre 
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Titanium, and its Compounds. 

460. Titanium. (Ti = 60; Sp. Or. 6.8) RutUe or Nigrine, Anw» 
lase, Breokite, Arkansitej Sphene or Titanite, are native componnds of this 
metal. It is prepared by the fiuiQii of a mixtiire of mtile and carbonate 
of potassium. 

461. Titanio Anlr^dride, Ti 0> ; Anatase and Bntile are nearly 
fonns of this acid, it is prepared by fusing rutile. 

462. Otber OomponndB of Titanium. 

Protoxide of Titanium TiO. 

Sesquioxide „ <.. Tis Os, x Ht O. 

Bisulphide „ Ti Ss . 

Tetrachloride „ •!•... Ti CI4 . 

463. Testa 

1 . In add solution ammonia giyes a white pp. 

2. Infusion of galls throws down an orange pp. 

3. Ferrocyanide of potassium also gives an orange pp. 

4. With borax, in the inner flame, a purple bead is formed. 



Columbium^ or Niobium^ and its Compounds. 

464. Golnmbinm or Niobium Kb = 97*5. Found in TantaUtet 
ColwnbiU, and Norwegian Pitchblende. Niobic Add NbOs is an oxide of 
tbiametaL 



Tantaluni, and its Compounds. 

465. Tantalum, Ta = 187*6, is yenr much like Columbium. Other 
compounds of Tantalum : — ^Protoxide of Tantalum, TaO ; Tantalic anhy- 
dride, Ta O9 ; Sesquichloride of Tantalum TatCls ; Sesqujsnlphide of 
Tantalum, Tas Ss . 
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Molybdenum, and its Compounds. 

466. Mxdjbdenum, Moci=96. Sp. Gr. 8.6. Thi^ metel ooenn in 
natnve with fulphnry forming molybdenite; with oxygen, asmoijbdie ochn, 
and flbo with lead, as molybdate of lead. Can be prepaied by Toaetiiig 
molybdenite. It is a white metal. 

467. Three Qxidefl of this metal are known.— 

Flrotozide of Molybdenmn Mo O. 

Binoodde „ „ Mo Os • 

Molybdic Anhydride ^ Mo O3 • 

468. Other Oompoimds of MolyMttnum :— Pirofeoehloride of 
Molybdennm, Mo Gl ; Bichloride of Molybdenum Mo CSls; Bisulphide of 
Molybdenum, or Molybdenite Mo Sa; Acid Molybdate of Ammofifnm 
(B[4N)4He6Mo04. 

469. Tests :— 

1. The alkalies gi?e brownish-black pps. 

2. Ferrocyanide of potassimn giyes a brown pp. 

8. In acid solutions, copper, zinc, and tin give a bine oolooratiGD, 
afterwards becoming brown. 

4. With borax, in the inner flame, a brownish^xed bead is pro- 
duced. 



Vanadium, and its Compounds. 

470. Vaaadium. y=:137. This is a rare and unimportant metsL 
It is found native in combination witii lead as vanadinile, and also in 
Swedish iron ores. Obtained by the reduction of Vanadic acid by potasaiaBL 
It is a silver white metal. 

471. Oxides of Vaaadinm :— 

Protoxide of Vanadium V O^ 

Binoxide „ „ V Oi. 

Vanadic Anhydride Y Q3. 

4722. Other Compounds of Vanadiiun:— Bisulphide^ VS^ ; 
Trisulphide, V S3 ; Teichloride, V Cls 5 Tetrachloride, V CU. 
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473. Tests:— 

1. The fixed alkalies give a greyish pp.; which beoooMt red on 

ezposnie to air. 
a* Fenocyanide of potasaiiuii giyes a yelbw pp., which becomes 

green on exposure to air. 
.3. With borax, in the inner flame, a green bead is formed. 



Tungsten, and its Compounds. 

474. Tnngsten, or Wolfram, W=184. Sp. 6r. 17.6. This metal 
is found in nature, in combination with caldom, as Scheelite, from which 
it is generally prepared. It is a brittle metal, having a dark grey ooloar, 
and a metallic iostre when bnmished. 

475. There are two Qzldes of this metal :— 

Binoxideof Tongsten WO}. 

Tnngstic Anhydride W 0^. 

476. Ttmgstio Anhydride, or Tungstic Acid W Os. Sp. Gr. 
6.1. Obtained by the action of hydrochloric add on Scheelite. It is a 
tasteless^ yellow powder, oniting in three different forms with metals, aa— * 

Normal tangstates Mt W O4. 

Paratungstates ^....^fe H, SWj 07, nHs O. 

Metatongstates Ms, W4 Ois, aHs O. 

477. Other Oompounds of Tongsten. Oxychloride, WO2 
CIs; Tetrachloride, W GI4; Hexachloride, W CUi Bisulphide, WSs^ 
Tersulphide, W S3. 

478. Tests:— 

1. Not ppd. by HydroBulphnrlc acid. 

2. Sulphuric, nitric, and hydrochloric adds, produce white pps. 

3. With borax in tiie inner flame, a red bead is produoed. 



Copper, and its Compounds. 

479. Oopper, Cu=63.5 ; Sp. Gr., 8.9. Copper ^pyrites 
Cua S, Fe, S3 is the most common ore from which this metal 
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is piodnoed. It ia also fonnd NaHve in crysCalized cubes ; as 
SubnUpMde^ C1I4 S. ; as Blue Garbonate of Coj^Mor^ or MaJaehiU 
Cu O, H, 0, Cu COa ; Red Qfpper ore, Orey Copper ore, and 
Blaei Oxide of Copper. 

In the manufacture of copper, after the ore has been picked 
and broken, it is heated in a reverberatory famace to expd 
arsenic and snlphnr ; it is next ftased mih^ ore Jurnace, with 
silidons sand, converting the snlphide of iron into silicate, or 
« 2ayr ; the snlphides of copper and iron sink throngh the slag, 
forming coarse meialj or matt ; the latter is ran into a reserroir 
containing water, by which it is granulated, whilst the former 
is raked out through another opening ; in the drd process, the 
coarse metal is roasted for 24 hours, by which a large amount of 
sulphide of iron is oxidised ; in the 4th process the calcined pro- 
duct of last stage is melted with rich ores, chiefly oxides and 
carbonates of copper ; the reaction is mainly a double decom- 
position between sulphide of iron and oxide of copper, forming 
sub-snlphide of copper, GOf S^ and a slag containing iron as sili- 
cate. It is afterwards cast into pigs ; in the fifth process, the pigs 
are heated in a Aurnace to oxidise the surface, and afterwards 
to fiise them, by which the following reaction occurs — 
Cus S + 2Ca O = SO2 + 4Ctt 

The copper is nm into moulds, and is called blister copper. In 
the final process the copper is remelted, covered' with an&ra- 
citSf or charcoal, and stirred with the trunk of a young tree 
{poled), thus reducing and toughening the metal. The metal, 
when sufficiently refined, should have a fibrous structure and 
silky hue. It is cast in cakes. 

Properties : — Copper has a red colour ; is very malleable, 
ductQe and tenacious ; fiising point, 1996^ ; oxidises when 
heated to red heat in air ; pure water does not oxidise it ; if 
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exposed to moist air, a green crust of hydrated oxide and car- 
bonate is formed ; finely divided, it will bum like tinder, and 
form black oxide of the metal ; nitric acid dissolves the metal 
rapidly; hydrochloric acid will dissolve it, if exposed to air; 
copper does not decompose water at a red heat. 

480. Brass may be represented by Cuj Zn ; it is an alloy 
of copper and zinc, and contains about 64 p.& of the former 
metal. It is usually prepared by melting granulated copper 
with half its weight of zinc. Muntz^s patent sheathing metal is 
an alloy of about 60 copper and 40 zinc ; it maybe rolled hot, 
whereas common brass must be rolled cold. Hard solder^ for 
brass, consists of 2 parts brass and 1 zinc. The following 
alloys contain more copper than brass : — Tuimag^ Tombac^ 
Dutch goldj Similor^ Prince Rupert's metal, Fmchieck and 
Manheim gold. Speculum metal consists of copper, tin, and 
arsenic Bronze and Bell metal consist of copper and tin. 

481. Suboxide of Oopper, or Cupreous Oxide, 

Cuj 0; Sp. Qr. 5.75. May be obtained by boiling dibasic acid 
acetate of copper with sugar. It has a yellow, or red colour ; 
it is found native as Ruby copper. This oxide is used to brome 
medals, tea-urns, &c. 

482. Guprio Oxide, or Blaok Oxide of Copper, 
Gn O ; Sp. Or. 6.5. This useful substance may be procured 
Jyj dissolving copper in pure nitric acid, and decomposing the 
nitrate by heat. It is black and is used in organic analysis, to 
fximish oxygen during combustion. The hydrate is obtained 
l>y adding potash, or soda, to any of its salts. It is, at first, 
l>liie, but changes to green. Black oxide of copper dissolves 
in most acids, and forms salts with them. 

483. SulpMdes of Oopper. Subsulphide, or Cupreous 
Sulphide Cu, S. This is made by ftising 3 parts sulphur and 
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6 copper. It is known as fiw mML It oocors in nainie, as 
VOreaus co/pfptr^ having a green colour. Ou^ Sulphtde^Gr 
Sulphide of Capper^ Cn 8., is formed bj melting snlphur and 
copper. Copper PyritM is a double sulphide of copper and 
iron, Cu Fe Sr The peacock yarieiy contains a larger proper- 
idon of the sulphide. The following ores contain this sul- 
phide : — 

TennantUey lAghi Grey Copper ore^ Silver Fahlerz^ Dcurh 6r$y 
Copper ore, Domeyhite, Arsenical Copper. 

484. Pentasulphide of Copper, CaSs • This is proearcd bj 
tbe deoompositioii of a salt of copper, with a pentasulphide of potasstoiiK 
or sodium. 

486. Phosphide of Copper, Cos Ps ? i« got when phosphorus is 
boiled in sulphate of copper solution. 

486. Subohloride of Copper, Cupreous Chloride, or £i- 
ohloride, Cn2 Qs , is obtained by the action of chlorine on copper filings. 
Finely divided, it is white; fused, it is brown; slowly cooled after hnting, 
it is yellow. The hydrochloric acid solution absorbs oxygen frcHn tir, 
fimning an oxychloride known as Brunswick green, Cn CI2 , SOaO. 4Hs 0. 

487. Chloride of Copper, or Cuprio Chloride, Cu CIs . This 
is obtained by heating copper filings in excess of chlorine. It is brown 
when anhydrous. The hydrate, which forms green prismaldc crystals, i> 
thus represented Cu CI2, ^Hs O. This salt is found native in Pern, and 
ChilL By mixing a strong solution of this salt, with one of ammoniiim, t 
double chloride is fonned, 2H4 NCI, CoCl^ 2Hs O. 

488. There are two Bromides of Copper ; — Cupreous Bromide, Cui 
Br% ; and Cupric Bromide, Cu Bra . 

480. There is one Iodide; — Cupreous Iodide Cus Is . Hs O. 

400. SiQpliate of Copper, Roman Vitriol, Blue 

Vitriol, or Oupric Sulphate, Cu SO4, 5H3O; Sp. Gr., cry*.. 
2.25. This salt is extensively prepared by boiling copper in 
diluted sulphuric acid. It forms rhomboidal crystalfl^ which 
are of a beautiful blue colour, and sometimes very large. Tbt 
salt loses 4 atoms of water if heated to 212% and is rendered 
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quite anhydrons at 400^. Most of the copper pigments are 
prepared from this salt ; it is nsed to prevent dry rot in tim- 
ber; for making some kinds of ink, and in dyeing and calico 
printing. It forms double salts with potassium, and ammo- 
nium, as dmbU sulphale of Copper and Potassium^ OuSO^, E2 
SO4, 6H2O. It forms a tribasic sulphate as, Cu SO4, 2 (OuO, 
H2O). With ammonia, the anhydrous sulphate forms Ammmuir 
Sulphate of Copper, Cu SO4. SHgN. With solution of sulphate 
of ammonia in excess, yields, Cupromlphate ofAmrnxmia^ Cu SOo 
4HaN, H2O. 

401. Nitrate of Copper, Cu 2NO8 , 6H2 O, is readily procured, by 
dissolying copper in dilate nitnc acid. It has a blue colour, and is deli- 
quescent. If coarsely powdered, and a little water added, then folded in 
tin-foil, a great heat is evolved, and the metal often takes fire. 

492. Carbonates of Copper. The Hydrated Dibasic 
Cardonate, CuO, HjO, Cu CO3 is obtained by adding the car- 
bonates of the fixed alkalies to a solution of a salt of copper. 
Malachite is the natural form of this salt. Chessylite, found at 
Chessy, near Lyons, is a blue hydrated oxycarbonate^ CuO, 
H2O, 20u COfi. There is a double carbonate of potassium 
and copper, KgOOs, 4CuC08,CuO, IOH2O. 

493. Tests, &o:— 

1. Sulphuretted hydrogen, and sulphide of ammonium* 

give a brownish black pp. 

2. Ammonia in excess produces a blue solution. 

3. Potash and soda gire blue pps. 

4. Ferrocyanid^ of potassium gives a red-brown pp. 

5. Polished steel in copper salt solution, is coated with 

metallic copper, of a red colour. 

6. Zinc precipitates copper, as a black powder. 

* This reagent (NH4HS) is finmed t»r pantog Snlplniretted bydrogen tbrongh a 
flolution of ammonU. 
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7. Green colour to oxidising flame. 

8. In reducing flame, with carbonate of sodinm, the metal 

is obtained. 



Lead, and its Compounds. 

494. Lead, Pb = 207 ; Sp. Gr., 11.36 ; Melting-point 
617^. The most important ore is the sulphide, called galena^ 
PbS. Lead is extracted from this ore by heating with lime 
in a reverberatory ftirnace, thus burning off a large portion of 
sulphur, and yielding the oxide, sulphate, and sulphide of 
lead. In this part of the operation, fusion is carefully avoided. 
It is afterwards melted, when sulphurous anhydride is giyen 
off, and the metal separates from the mass. 

The following equations illustrate the reactions. 

In the first process, 

(1). 2PbS + 30, = 2PbO + 2SO3 
(2). PbS + 3O3 = Pb SO4. 

In the second process, after the temperature of famaoeis 
raised. 

(3). 2PbO + PbS = 3Pb + SO, 
(4). PbS +Pb SO4 = 2Pb + 2S0f. 

Antimony and tin are separated as oxides, from the surface, 
when the lead is remelted. Silver is obtained from lead by 
melting the alloy containing it, and dipping into it as it cools, 
a perforated ladle ; lead, in crystals, is thus separated ; the 
process is repeated until the silver has sufficiently accamnlated; 
lead is then removed by cupellatim, in which it oxidises on the 
surface of the melted silver, and is withdrawn as a filnr^ . On 
an average, lead contains 10 ounces of silver to the ton. 
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Properties : — Lead has a bluish-white colonr ; is brilliant; is 
malleable, and to some extent ductile ; is sufficiently soft to 
mark paper, and to be easily cut ; melts at 617^ ; contracts 
considerably when cooled ; exposed to dri^ air, or pure water 
separately, it is not oxidised, but oxidises rapidly in even pure 
water, if in an open vessel ; as the oxide of lead is formed, the 
water dissolves it ; it then combines with carbonic acid in the 
water, forming a hydrated basic carbonate of lead PbOHjO, 
PbCOg, which is very insoluble ; the presence of salts in water 
modifies this action ; chlorides and nitrates increase it, whereas 
carbonates, sulphates, and phosphates diminibh it. Water may, 
in general, be considered free from lead, if not discoloured by 
sulphuretted hydrogen. 

Lead is used for numberless purposes, such as roofing houses, 
lining cisterns, forming pipes, &c., &c. 

405. Protoxide of Lead op Litliarge, PbO. This 
oxide may be prepared by heating lead in a current of air. It 
is obtained as a hydrate 2PbO, H^O, when an alkali is added 
to a salt of lead. Litharge is, to a slight extent, dissolved by 
water ; is fused at a little above red heat ; is a powerfdl base. 
Massicot is the yellow form of litharge. Litharge of Silver is 
the pahTy and Litliarge of Gold the redder varieties of the 
oxide. The oxide is used for glaze in earthenware, and with 
lime-water as a black dye for the hair. 

496. Minium, op Red Lead is composed of the pro- 
toxide, and peroxide of lead, having generally the formula, 
2PbO, PbOj ; Sp. Gr. about 9. This is procured by heating 
the protoxide between 5703 and 580o, oxidising it without 
Easing it. It is used for colouring common sealing wax, paper- 
staining, and in manufacture of flint glass. 
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497. Peroxide of Lead, Binoxide of Lead, or Phnabic Acid 
PbOs. This is made as an insoluble bxx>wn powder, when minit iTiri ig 
digested in dilate boiling nitric acid. It is a conductor ot electricity ; 
gives off oxygen at a red heat ; with hydrochloric acid, yields chlorine and 
chloride of lead. Has weak acid properties, fbiming with potaasiiuni 
plumbate qfpotasiiim Es FbOa, ^Ht 0. 

4d8. Protosulpliide of Lead, or Galena, PbS. 

This compound is readily got by fusing lead and sulphur. It 
requires a bright red heat for fusion ; has a bright appearance 
ftimilar to pure lead ; may be got by precipitating any salt of 
lead with sulphuretted hydrogen. Gahna is the natural 
sulphide, found abundantly in yarious parts of England, in 
Spain, &c. 

499. in reducing galeoAi a subsidphide is formed Pbg S. 

600. Chloride of Lead, Pb Ol^. This salt is most 
readily prepared by adding hydrochloric acid to a solution of 
nitrate of lead. It is soluble in boiling water ; it is white; 
forms acicular crystals when cooled from a boiling solation. 
Is found ruxKve at Vesuvius. When the chloride is heated in 
air until fames cease, an oxychloride is formed, PbO, Pb CI'. 
A native specimen has been found in the Mendip HiLUi. An 
oxychloride is prepared, and used, as a substitute for white 
lead. There is another oxychloride Pb CI', 7PbO, which is a 
pamt known as patmt yelhWy or Turner's yellow, or Gotssel 
yellow. 

501. Bromide of Lead, Pb Bra, is got by precipitating a solntiwi 
of lead, by bjdrobromic acid. It is white and fusible. 

502. Iodide of Lead, Fb Is is easily procured by the addition of 
iodide of potasslam to a solatioa of nitrate of lead. It is a bright yellow 
powder. It forms doable salts with the alkalies. 

503. Fluoride of Lead, Pb F2, is obtained by adding hydroflnoric 
acid to nitrate of lead. It is a white powder. 
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504. Sulphite of Lead, Pb SO*, is a white powdpr, and maj bo 
prepared by digesting protoxide of lead in a solntion of stuphnroof acuL 

505. Bulpliate of Lead, Pb S04, is obtained when snlphnrio add« 
or a sulphate in solution, is added to a nitrate of lead. It is not soliri»]e 
in water. It is decomposed bj snlphnretted hydrogen. Is found noHve 
in ADglesea and Scotland, crystallised in rhombs. 

50e. Carbonate of Lead» Wliite Lead, or Oemae. 
Pb GO,. This important compoond is extensively pi^pared 
in London and NewcasUe-on-Tyne. It is prodnoed in yarions 
ways : — One of the best modem methods is to mix the oxide 
of lead (litharge), with water, and abont 1 percent, of nentnil 
acetate of lead, and then to pass carbonic acid over it ; the 
nitrate of lead is sometimes nsed instead of acetate. The 
following equations explain the reactions : — 

Pb2C,HaO, + 2PbO = Pb20,H,0„ 2PbO (Tribas. Acetate) 
Pb 2C,H«0„ 2PbO+200a = Pb 20a H, 0,+ 2Pb 00,. 
In the old Dutch method, still in use at Lille, thin sheets of 
lead are placed oyer gallipots, containing weak acetic add, 
dilated to the extent of 2i per cent, of strong add, with water ; 
the pots are then embedded in fermenting tan, at a temperature 
of 140<» or 150^ 2 to 2i tons of lead are converted into car- 
bonate, by about SOlbs. strong acetic acid. In this process 
the air supplies oxygen, .whilst the tan gives off carboniH 
add; the acetic acid dissolves the oxide, forming basic or 
tribasic acetate, which is afterwards decomposed by the car- 
bonic add, forming the carbonate of lead. 

This salt is generally a heavy white powder having a sp. gr« 
of about 6*4; it is blackened by sulphuretted hydrogen; 
Gliehy white, Krems wMi»t and Silver whiter are pure white lead, 
whilst Venice white, Hamburgh wMte, and Butch white contain 
sulphate of barium. The salt is found native and known aa 
lead-spar or white lead ore. 
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607. Nitrate of Lead, Pb 2NQ8 , may be procured bj disflolvrng 
tiie metal, or its oxide, in hot, and ^late nitric acid. It ciystallizes in | 
anhydrous octohedra; aolnble in 8 parts of water; decrepitates if heated to 
ledness. Paper bams like a slow match, if soaked in this salt. There are 
tfaree other nitrates :~the dibcuic nitrttte, tribaac nitrate^ and hexanitrate, 

608. Nitrites of Lead, By heating at about IGO^', 1 eq. of 
nitmte of lead (331 parts) in solution, with leq. of lead (207 parts), a 
ydlow salt is obtained, having the formula 2 Pb NOs , Hs O. By taking 
li eq. of lead instead of I eq., and boiling the mixture there is obtained 
ofange- coloured crystals, 7PbO, H2 0, 2NO4 ,2Hs O. By boiling 2 eqs. of 
of lid with a Teiy weak solution, a UtranUraU is obtained, Pb 2NO2. 
8PbO. Hs 0. 

600. Phosphates of Lead. Each kmd of phosphoric acid yields 
a precipitate witii the soluble salts of lead. See formula par. 119. A 
aatlTB phosphate is found in Cumberland, Durham, Yorkshire, &c. A 
Morophoaphate of lead is also met with native Pb GI2 . 3 (Pba'2P04 ). 

610. Qyanide of Lead Pb Cy. This is formed by adding cyanide 
of potassium to a solution of nitrate of lead. It is a white powder. 

611. TestSi &0. — ^The salts are generally white, aad haye 
a Bweetish taste. 

1. Salphnretted hydrogen gives a brown black pp. of the 
sulphide. 

^. Sulphide of ammoninoi gives a similar pp. 

8. Sulphnric acid gives a white pp. 

4. Potash and Soda give a white pp. soluble in excess. 

5. Ammonia gives a pp. insoluble in excess. 

6. The Alkaline carbonates throw down white precipitates, 

insoluble in excess. 

7. Iodide of potassium yields a yellow pp. 

8. Before the blow-pipe, metallic lead is obtained, with s 

yellow ring on charcoal. 
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Thallium, and its Compounds. 

612. ThalHtun, Tl = 204. Sp. 6r. ll-8l to 11*91. This metal i» 
prepared from the deposits in the flaes, in the preparation of Solphor ic 
Acid from iron pyrites. It is a heayj metal ; when freshly cut has a 
blnish Instre. Can be cnt with the nail, hammered into foil, and made in to 
wire. 

613. Oxide of ThaUium, Tb O; is solnble in water; the solution 
being colourless. There is also a Seaquioxide of Thallium, TIa O3 . 

514. Other Oompounds of Thallium :— Sulphide Tia S; Chlo- 
ride, Tl CI; Sulphate, Tla SO* ; Nitrate, Tl NOs ; Carbonate, TI2 COs • 

516. Tests. 

1. The hydrated alkalies gire no pp. 

2. Sulphuretted hydrogen throws down a small pp. 

S. Sulphide of ammonium a brownish{black pp., insoluble in sulphides 
of alkalies. 

4. Chlorides and bromides produce yellowish white pps. 

5. Cyanide of potassium a white pp., soluble in excess. 

6. Chromate of potassium, a pale yellow pp., insoluble in ammonia. 

616. Indium. Little is known of this metal. Its oxide is white^ 
insoluble in ammonia, and in acid solutions, sulphuretted hydrogen gives 
no pp. 



Mercury, and its Compounds. 

617. Mepcupy, op Quicksilver (Hg = 200 ; Sp. Gr. 
at 32^, 13.596) The metal is found generally in combination 
with snlphnr, forming the sulphidej or native cmndbar. Some- 
times it is met with native in small globnles; it also occurs 
occasionally as chloride^ iodide and aelenide^ and alloyed with 
silver. The metal is extracted from the ore, either by subli- 
mining the sulphur, and then distilling the mercury, or by 
heating with quick-lime, or iron filings. 

4HgS + 4CaO = 4Hg + SCaS + CaS04. 
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This metal has been known from the earliest times ; it is 
fluid at all ordmaiy temperatm'esy and is the only metal having 
this property; freezes at — 89 P; it boils at abont 660«, yield- 
ing a vaponr with Sp. Gr. 6.976; air does not tarnish it, if 
pnre ; may be formed into a grey powder, by shaking with 
snlphnric acid, or water; nitric acid dissolves the metal, and 
forms mercuric nitrate. The metal is nsed to extract silver and 
gold from their ores; also in silvering and gilding; forms 
alloys with other metals, known as amalgams. 

618. Suboxide of Heronry, Meitmroas Oadde, Dioxide, or 
Black Oxide, Hg» Oi This was formerly caUed the vrotoxiie. It is pro- 
cmed by triturating calomel, finely levigated, with a solution of lime, poteah. 
or soda, and washing the pp. with cold water. It is a black powder. 
Light or heat oonverts into metal and red oxide. 

610. Ueronrlo Oxide, Nitrio Oxide, Bed Ozide> 
or Peroxide of Mercnry, Hg 0. When mercury is heated 
nearly to the boiling point with access of air, this oxide is 
formed as red scales. It is more easily prepared by heating 
the nitrate of mercnry. It is poisonous ; is slightly soluble in 
water; it turns black when heated, but resumes a red colour 
on cooling; forms salts. 

520. Mercurous OMoride, Oalomel, Subohloride, 
or DioMoride of Meroury, Hg, CI ; Sp. Gr. Solid, 7.178. 
This may be obtained as a precipitate by adding a solution of 
common salt, to one of mercurous nitrate; or it may be pro- 
cured by triturating 13 parts mercury and 17 corrosive sub- 
limate, with a little water, until globules of mercury are not 
seen, and then heating the mixture, when calomel is sublimed. 
Calomel has no taste; is insoluble in water; when sublimed, 
it forms quadrilateral prisms ; as a powder, it is white ; nitric 
acid conyerts it into corrosive sublimate ; sulphuric acid does 
not act on it. 
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681. BioUoride of Heronry, Uerotirio Ohloride. 
or Corrosive Sublimate, Hg 01,; Sp. Gr, solid, 5.42. 
This is also known as Chloride of Merewry, PercMoride of 
Mercury J or Oxymuriate of Mercury. In large qnantifcies this 
salt is prepared by subliming a mixtnre of 2i mercuric sul- 
phate, with 1 of common salt. 

Hg SO4 + 2Na a = Nas SO4 + HgCl,. 
This is a powerftd poison ; it has a burning and very disagree- 
able taste ; it is met with either as a powder, or in semitrans- 
parent crystals ; it dissolves in 16 parts cold and 8 boiling 
water ; nearly insoluble in nitric and sulphuric acids ; white 
of egg mixed with water, is an antidote for this poison. 

622. OzyohloTldes. There an three known oxyehlorides obtained 
by the action of carbonate ofpotassinm on oorrosiYe sublimate ; they are 
thoa lepreaented, (1) 2Hg0, Hg CI2 ; (2) SHgO, Hg Cb ; (3) 4HgO, Hg 

523. The following are some of the substances produced by paa&ing 
dry ammonia oyer heated corrosiye sublimate : — 

White Precipitate Efe Hs NCL 

Bed Crystalline Compound 2HgCls, HeiKs* 

Chloride of Mercuramine (Hg4 H4 Ns i^ ) df. 

524. There is a Herourous Bromide Hg Br, alao a Merourlo 
Bromide Hg Br^. 

625. Merourous Iodide, or Subiodide, Hg L This is a greenish- 
yellow powder. It may be prepared by adding iodide of potassinm to the 
mercnrons oxide salts. 

Biaiodide, Feriodide of Mercury, or Merourio Iodide, Hg 
Is. This is produced when 5 parts iodine are triturated with 4 of mercury, 
and then sublimed. This has a beautiful red colour ; is crystalline ; 
becomes yellow when heated ; the yellow is changed to red if OTstals are 
scratched. 

626. Subsnlphide of Heronry, HgsS. This is easily obtained 
when sulphuretted hydrogen is passed through a solution of mercuioas salt. 
It is a black powder ; was at one time called Ethiop's mineral. 

527. SiQpMde of Meroury> Oinnabar, Bisnl- 
pliide of Mepcury, op Vepmilllon, HgS. This is the 
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oommonest ore of mercury. It is manufactured by mixing 
in an iron pot 6 parts mercury with 1 sulphur, and gently 
heating ; the substance thus obtained is sublimed, which yields 
vermtllion. It varies in colour, being sometimes grey, at 
others bright red ; it is decomposed when distilled with fixed 
alkalies. 

528. Sulphate of Heronry, or Merourio Sulphate, HgSO^v 
On gently heating 2 parts mercury with 3 salphoric acid, mercurous 
tulphate, or monatomic solphate is obtained Hgs SO4 ; if the abore be 
heated to dryness, mercuric sulphate is produced. 

Hg -f 2Hj SO4 = Hg SO4 + SO2 4- 2H2 O. 
This is a white crystalline powder. There is a third sulphate known as 
turpeth mineral, Hg SO4, 2HgO. It is obtained from mercuric sulphate 
on adding water. 

629. Merourous Nitrate, or Normal tSubnitrate, Hg^ 2N0s , 
Hs O. This is procured by digesting the metal in j an excess of dilute 
Kitnc add.. 

630. Merourio Nitrate, 2 (Ug SNOs) H,0. This is obtained m 
large crystals, when red oxide of mercury is dissolved by nitric add. 

631. Merourio Carbonate, 4Hg30, CO9, is a brown<red salt, 
predpitated by adding carbonate of potassitmi to Mercuric Nitrate. 

632. Merooroos Carbonate, Hbg, COg, is a black or yellow 
powder, obtained by adding carbonate of potassium to Mercurons Nitrate. 

633. Fulminate of Mepoury, or Mepouric Ful- 
minate. This is prepared by dissolnng 100 grains of 
Mercnry in an onnce and a half of nitric acid. The solntioii 
is poured into 2 ounces of alcohol, and gently warmed, when 
ethereal yapour is given off, and a grey powder falls, which is 
carefully dried at 100<^. Tbe fulminate is used in manufacture 
o{ percussion caps. 

534. Tests, &0., Mercurous Salts. 

1. Sulphuretted hydrogen, and sulphide of ammonium 
give a black pp. 
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2. Ferrocyanide of potassium gives a white pp. 

3. Iodide of potassium gives a green pp. 

4. Hydrochloric acid, and chlorides give white pps. 

5. Alkaline phosphates give a white pp. 

Mercuric Salts. 

1. Stannous chloride gives a black pp. 

2. Potash, soda, and lime give a yellow pp. 

3. Sulphide of ammonium gives a black pp. 

4. Sulphuretted hydrogen gives a dirty-white pp. 

5. Iodide of potassium gives a scarlet pp. 

6. Hydrochloric acid, and chlorides give no pp. 
8. Clean copper precipitates it. 



Silver, and its Compounds. 

535. Silver, Ag = 108 ; Sp. Gr. 10.53 ; Fusing Pt. 
1873^. This metal is sometimes found native, but generally 
as sulphide. Silver is separated from argmUferom sulphide of 
leadf as described par. 494. When the. metal is obtained by 
amalgamation, the native sulphide is washed, ground, and 
afterwards roasted with common salt ; in the roasting, arsenic 
and antimony are driven off, and the copper and iron are 
changed into oxides, chlorides, and sulphides; sulphates of 
sodium and chloride of silver are also formed. 

AgaS + 2NaCl + 2O2 = 2AgCl + NagSO^. 
Cu8 + 20, = CUSO4. 
2CuS + 4NaCl + 40^ = Ou, 01, + 01, +2Na, SO4 
2FeS, + 6Na01 + 70, = Fe, Ole + 3Naa SO4 + SO,. 
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The mass is powdered, sifted, and with water placed in casks; 
about I a ton of metal forms a charge, to which is added 1 
cwt. scrap iron and afterwards 5 cwt. mercury; the casks are 
now made to rerolve horizontally for about 20 hours, formnig 
an amalgam. The liquid amalgam is after this run into sacks 
of ticking, through which the^M mercury filters into a trough; 
the remaming mercury, alloyed with the silver, is driven oif by 
distillation, in a bell-shaped furnace. The silver is then cast 
into ingots. 

Pure silver is got^ by dissolving standard silver, in dilute 
nitric add, then putthig into the solution a clean plate of 
copper; silver is precipitated, which may be washed with weak 
solution of ammonia, and fused. 

Silver is the whitest metal known; it takes a brilliant polish; 
its hardness is between that of copper and gold; it maybe 
beaten into leaves, not more than ten-thousandth of an inch 
thick and drawn into a wire, finer than human hair; melts at 
1873°; does not oxidise in dry, or moist air; it is, however, 
tarnished by sulphuretted hydrogen given ofP by coal gas, &&; 
pure water does not affect it; when cooled suddenly after fosion, 
it crystallizes and sends out small particles of metal, from the 
escape of oxygen retained in a ftised state; a Uttle copper pre- 
vents this; silver is a very good conductor of heat and elec- 
tricity. 

636. Silver Plating, &0. Copperis plated by covering it 

with a slip of silver, heating it nearly to fusion, and then roll- 
ing the metals togetlier, so that they are sweated, or inseparably 
joined. Brass is plated, by rubbing on its surface, after it is 
made quite clean, a mixture of chalk, chloride of silver, and 
pearlash. Steel, by tinning its surface, and then soldering on 
it, silver foil. Glass is silvered by depositing on it a mixtnre 
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of nitrate of silver, ammonia, carbonate of ammonium, and 
alcohol, with alcoholic solution of oil of cloves, and then heat- 
ing for two or three hours. Elbctroplaiing is eflPected by de- 
positing silver by galvauic battery, from a solution of cyanide 
of silver, in cyanide of potassium. Dry silvering is effected by 
dipping the articles in a melted amalgam^ and expelling the 
mercury by heat. In Wet silvering^ the goods are dipped in 
nitric acid, and afterwards water, then rubbed with a mixture 
of cream of tartar, chloride of silver, and corrosive sublimate. 

637. ArgentouB Oxide, or Suboxide of SllTer, Ag4 O. It i» 
obtamed when citrate of silver is exposed to hydrogen, at a temperature of 
212<^ ; on adding water, a brown eolation is formed, from which by caustic 
potash the oxide ,is precipitated, as a black powder. When heated, i» 
colourless ; is very unstable. 

638. Argentic Oxide, or Protoxide of Silver, 

Agj 0. When a solution of potash or soda is added to the 
nitrate of silyer, this oxide is procured. It is of a dark olive 
colour ; has, in solution, an alkaliue reaction ; it is reduced to 
a metallic state at a dull red heat ; when fused, gives a yellow 
colour to glass ; it has no taste ; is slightly soluble in waler. 

530 Fulminating Silver is produced by adding a strong 
solution of ammonia to the oxide of silver freshly precipitated. 
It forms a black powder ; should be dried with great care in 
small quantities, for it explodes violently when rubbed or 
heated. It is supposed to be a nitride of silver. 

540. Peroxide of Silver, Ag2 Oa. This is formed in cryBtals at 
the positiye pole, when nitrate of Bilrer is decomposed by electridtj. It 
detonates, if mixed wi& phosphorus, or snlphnr, and strncJc. 

541. Subohloride of Silver Ag2 01. This is procured as black 
scales by digesting pore silyer leaf in a solution of chloride of copper. 

542. OMopide of Silver, Ag CI. A solution of com- 
mon salt added to one of nitrate of silver yields this salt. It 
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appears as a white curdy pp. ; by exposure to son's light, it 
assumes a yiolet colour. If heated to dull redness it fuses, 
and on cooling, has a hom^ appearance, and hence is called 
ham silver. At a bright red heat it fuses, and Yolatalises in 
white fumes. The chloride is reduced when heated with car- 
bonates of the alkalies : — 

4Ag CI + 2Na« COs = 4Na CI + SCOj + 02 + 2Ag«. 

The salt is met with in nature, having the name of horn silver; 
it is found both crystallized and massive. i 

643. Iodide of Silver, Ag I. This is readilj obtained, when 
iodide of pota sbinin is added to nitrate of silver in solntion. It has a ycdlow 
ooloor, and do es not dissolve in water. The native iodide of silver has been 
found in Mexico. 

644. Bromide of Silver, Ag Br. This, as a yellowish substance, 
is thrown down when bromine, or a bromide is added to the nitrate of silTer. 
It is insoluble in water. Is found native in Chili and Mexico. 

646. Sulphide of Silver, Ag, S. When snlphnretted 
hydrogen, or snlptude of ammoninm is added to a solution of 
a silver salt, this compound is formed as a black pp. It fdses 
easily, forming a grey crystalline substance, giving off sulphur. 
Med silver ore, SAg, S, Sb, S^is a double sulphide. Silver glance 
is the native sulphide. 

646. There is a Fluoride of Silver Ag F. Got bj dissolving the 
carbonate of silver in hydrofluoric add. 

647. HyposulpMte of Silver, Ag, S, O3, H,0. 

This is procured by adding a solution of nitrate of silver to one 
of hyposulphite of sodium. It is used in photography. It is 
very unstable. 

648. Sulphite of Silver, Ags SOs. This salt is produced in white 
crystals, when an alkaline sulphate is added to a silver salt solntion. 

649. Stulphate of Silver, Ag2 SQ4. This is yielded by the addi- 
tion of sulphate of sodium to nitrate of silver, or by boiling silver in sol- 
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phuric acid. It yields a white salt, which is soluble in 90 times its weight 
of water. 

550. Nitrate of Silver, or Lunar Caustic, Ag 
NO3. Sp. Gr. 4.33. This salt can be easily procured by the 
additiQii of nitric acid with 3 parts of water, to silver ; the 
nitrate is formed, and nitric oxide is given oflf. Lfiirmr Caustic 
is prepared, by fusing the nitrate in a silver crucible, and cast- 
ing in moulds. The salt melts at 426^; the crystals dissolve 
in an equal weight of cold water. Indelible, or Marking Ink^ 
is prepared by dissolving 2 parts of the nitrate, and 1 of gum, 
in 7 of water, and colouring the liquid with Indian ink. A 
solution of carbonate of sodium, and gum is used aa preparatoiy. 

551. Triphosphate of Silyer, Ags FO4 , is got by precipitating 
the phosphate of sodium with nitrate of siiyer. The pyTophosphale 
(Ag4 Ps O7 ) and metaphosphate ( Ag FOs ^ are obtained similarly. 

552. Gyanide^of Silver, Ag Cy. Obtained^as a white powder, by 
adding cy anide of potassium to nitrate of silver. It is insoluble in water. 

553. Fulminate of Silver, 0,N,Ag,0^ This is a 
very explosive substance. It is prepared by adding to 100 
grains of finelji powdered nitrate of silver, 1 ounce of warm 
alcohol, and afterwards 1 ounce of nitric acid. The powder is 
washed and carefully dried at 100^ It forms smaU white 
shining needles, which have a bitter taste. Is used for making 
crackers^ &c. 

554, Tests, &o. :— 

1. A white curdy pp. vnth hydrochloric acid, and 

chlorides. 

2. A brown pp. with fixed alkalies, insoluble in excess. 

3. Ammonia gives a brown pp. soluble in excess. 

4. A black pp. with sulphuretted hydrogen, and sulphide 

of ammonium, 
o 
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5. Ferrons Sulphate reduces the metal. 

6. Phosphate of sodimn gires a yellow pp. 

7. Chromate of potassiom a crimson pp. 

8. Salts easily reduced when heated with carbonate of 

sodium. 



Gold, and its Compounds. 

666. Oold, Au= 196.6; Sp. Gr. 19.34; Melting Ft, 
2016^. This precious metal is generally found in nature, 
combined with silver or copper, as native gold. It is mostly 
found either in primitive or volcanic rocks, or in the beds o( 
rivers. Australia and California have latterly yielded the 
largest quantities. Nuggets weighing many pounds have 
sometimes been found. It is obtained from the ore, by 
grinding and washing, or by arnalgamatrng with Mercury. 
Pure gold is procured by dissolving the metal with aqua regis, 
and evaporating the solution ; dissolving the residue in water, 
and adding hydrochloric acid, which yields the chloride of 
gold ; a solution of ferrous sulphate is now added, which pre- 
cipitates a brown powder, 6Fe804+2Au Ol3=2(Pei 3S04) + 
P^01<,+2Au. This, when washed with hydrochloric add and 
water, and fused with borax, yields pure gold. 

It has a beautiful yellow colour ; it is so malleable that a 
grain may be extended over 56 square inches ; is not oxidised 
by exposure to either dry, or moist air ; the mineral acids do 
not, separately J act on gold ; aqua regia dissolves it ; a solutioa 
of chlorine or bromine also dissolves it ; British standard 
gold contains 8.83 per cent, of copper, or 11 parts of gold to 
1 of copper ; the specific gravity of the alloy is 17.157 ; the 
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standard I'gold of France contains 9 parts gold to 1 copper ; 
small articles of jewelry may be tested by rubbing them on a 
smooth stone, and adding to the stone a drop or two of nitric 
acid; if gold, no change is seen, otherwise the metallic appear- 
ance is destroyed ; the specific gravity is also a test ; trinket- 
gold does not generally exceed 15 ; gold chains are not for 
most part more than 11 to 13, whilst common gilt articles are 
about 7 to 9. 

656. Gilding of plaster, wood, &c., is accomplished by 
gold-leafy which is made to adhere by gold-size ; metals are 
gilt either by laying on an amalgam, or by voltaic action in a 
solution of cyanide of gold and potassium ; another method 
has been introduced, in which the articles are immersed in a 
bath, containing a solution of gold and sesquicarbonate of 
potassium. 

657. Suboxide of Gold or Protoxide An2C, is obtained hj the 
addition of a solation of potash to the protochlorlde of gold. It has a 
dark colour, and is partiallj soluble in potash, or soda. 

658. Peroxide of Gk>ld, or Aurlo Aoid Aa^Os. Gk>t bj the 
decomposition of terchloride in solation, bj magnesia. It is brown ; light, 
or a temperature of 480^ resolves into metallic gold and oxygen. With 
hyteted alkalies it forms salts, as aurate of potassium E Au O2, 3H2O. 

659. Protoohloride of Gold, An Q, is procuied from terchloride, 
by heating it to 350<*. It is very unstable ; is pale yellow. 

560. TeroMoride of Gtold, An CI3, is obtained by 
adding aqua regia to gold; the solution should be gently- 
evaporated and allowed to crystallize. It forms orange-coloured 
crystals ; paper, or gelatin, washed with this salt and exposed 
to light, becomes purple, the metal being separated; 
protosulphate of iron reduces the salt; it is also decomposed 
by oxalic acid, phosphorus, charcoal, sulphurous anhydride, 
and gallic acid. 
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561. Parple of Cassias. This is procnred by Ihe 
gradual addition of rery dilate stannous, and stannic chloride 
to the terchloride of gold ; it appears to have the following 
iMHnposition, Sn An,, Sn, 0^. 4H ,0, being a hydrated donble 
stannate of gold. Acids decompose it leaving the metal 
It gives a beantiftd purple colour to china when mixed 
with borax, and applied to its surface. 

562. Snlpliide of Gold, or Bisulphide, An^ S^. 

This is the black pp. procured by passing sulphuretted 
hydrogen, through a cold solution of terchloride of gold. It 
is used in the gilding of china, producing the colour called 
Burgos lustre. 

663. There is a Terbromide of Gk>ld, An Bi^ which cloeelj 
resembles the terehloride. 

There are also two Iodides of Gk)ld :— Protiodide, or Auzoiis 
Iodide, An I, a lemon-yellow powder, and Teriodide, or Aurio Iodide, 
which is dark-green, and sparingly soluble. 

664. Protocyanide of Gtold^ Aurous Qyanide, 
Au Cy, is a yellow crystalline powder, obtained by the addition 
of cyanide of potassium to a solution of terchloride of gold. 
It is used in gilding copper and silver, and^more especially in 
electro-plating. 

565. Tri03ra]dde of Gk)ld, or Auric Qyanide An Oj^ Thb 

compound is procnred by mixing a solution of caastic potash, oontainiog 
an excess of hydrocyanic acid, with terchloride of gold. 

566. Tests :— 

1. Brown pp., of metallic gold, with ferrous sulphate. 

2. Purple of Cassius, on adding stannous or stannic 

chloride. 

3. Mercurous nitrate giyes dark-brown pp. 

4. All the salts are decomposed when heated in air. 
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Platinum, and its Compounds. 

567. Platinum, Pt = 197-1. Sp. Gr. 21-5. This metal 
is found combined with palladium, rhodium, osmium. Iridium, 
copper, and iron, in the Ural Mountains, Brazil, and Peru. It 
is prepared by digesting the ore in aquaregia, and precipitating 
the platinum, in the form of ammonia chloride, by sal- 
ammoniac. The pp. is washed, dried, and heated to redness, 
by which means, spongy platinum is formed. This is made 
into a paste with water; pressed, dried, heated to white- 
ness, and then the platinum is forged by hammering it. 

Flatmum is a white, infusible, malleable, and ductile metal; 
so ductile that a wire ^^ia. in diameter, will sustain a weight 
of 861 lbs. Ordinary acids do not act on it, but aqua regia 
slowly dissolves it. Platinum black is 2:enerally prer^ared by 
digesting platinous chloride in caustic potash. Platinum in 
this finely divided state, readily absorbs oxygen. 

Spongy Platinum is platinum less finely divided than plati- 
num black. It is prepared by fusing the double chloride of 
platinum and ammonium. It unites with sulphur, phosphorus, 
and arsenic. Platinum black as well as spongy platinum, 
readily absorbs gases. 

568. Platinous Oxide, Ft O; is prepared by the digestion of 
platinons chloride, in caustic potash. It is a black powder, slowly dissolved 
by acids, and decomposed by heat. 

569. Platinio Oxide, Ft O2 ; is procured by the addition of a 
littie carbonate of sodium, to nitrate of platinum. The hydrate (Pt O2 , 
2Hs O) thus formed is brown, the water can be expelled by heat, turning 
it black. 

570. There are two Sulphides of Platinum :— Protosulphide, 
Ft S; and BisuIpMde, Ft S2 . 

571. Platinous OhlorJkie, Ft CI2 ; is prepared by evaporating, and 
gently heating a mixture of platiiAim, and aqua regia. It is an olive 
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powder, insolable in water, caustic potash, or hydrochloric add dissolves it ; 
is decomposed when heated. 

572. Platinio Chloride or Biclilorlde of Platiniun, Ft 
CU . This salt is procured by evaporating over a water bath, platinum, 
dissolved in aqna regia. It is a reddish brown powder, very deliquescent, 
the solution in water having a yellow colour; forms numerous double salts 
with other chlorides as: — 

Double chloride of platinum and potassium 2KCI, Ft CU . 

„ „ „ sodium 2NaCI. Pt CI4 6H 2O, 

,, „ „ ammonium ... 2H4 NCI, Pt CU . 

573. Fulminating Platinnm Ft Hs N3 , 4H2 O Is obtamed by 
dissolving'tbe chloride of platinum and ammonium in caustic soda, and 
adding acetic acid. It is a black powder, when heated suddenly to 400^ it 
explodes. 

574. Periodlde of Platinnm Ft I4 , is prepared by precipitating 
it from tetrachloride of platinum, by iodide of potassium. It is a brown 
powder. 

575. Other Gomponnds of Platinnm -.-^Perbromide of Plati- 
Mwm, Ft Br4 ; Fluoride of Platinum, Ft F4 ; Platinous Iodide, Ft h ; 
Platinic Iodide, Ft I4 ; 

576. Tests :— Platinic Salts. 

1. Hydrate of Potash gives a brownish-yellow sol ntion, 

2. Hydrate o£ Soda, a brown pp. soluble in excess. 
:]. Ammonia produces a yellow pp. 

4. Sulphuretted hydrogen throws down a black pp. 
0. Sulphide of Ammonium, also gives a black pp. 



Iridium, and its Compounds. 

577. Iridinm, Ir = 197-1 Sp. Gr. 2115. This metal is generally 
found with platinum. Its principal ores are Platiniridium, OsmiridiMm, 
and Irite. It is prepared by heating to dull redness, a mixture of Osmiri- 
dium and fused Chloride of Sodium, both in fine powder, through which 
dry chlorine gas is passed. It is a whitish, brittle metal. 

578. Oxides of Iridinm :— The Protoxide of Iridium, Lr O; Ses^ 
qnioxide of Iridinm, Ir2 O3 ; Dioxide of Iridium^ Ir Os ; Trioxide of In- 
dium, Ir O3 . 
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579. Other Oomponnds of Iridium :— Frotocfaloride of Iridiiim» 
Ir Ci; Bichloride of Iridium, Ir Cls ; Sesqnichloride of Iridimn, In Cla ; 
Protosnlphide of Iridium, Ir S; Disulphide of Iridium, Ir Sa . 

580 Tests :— 

1. Carbonate of potassiom gives a browniah-red pp. which changes on 

exposure to air. 

2. Fiotochloride of tin gives a light brown pp. 

3. Chlorides of potassium, and ammonium give dark brown pps. 



Palladium, and its Compounds. 

581 Palladium, Fd = 106-5. Sp. 6r. from 11*4 to 11*8. This 
metal is found in the gold dust, and pkitinum ores of Brazil. Native 
palladium has also been met with. Prepared from the gold dust by fusing 
it with silver and nitre, afterwards . granulating, boiling with nitric add 
and water, washing, and again fusing it. The Ftdladium is afterwards pre- 
cipitated. It is a white, ductile metal. 

582. Oxides of Palladinm :— Protoxide of Palladimn, Fd 0; 
Dioxide of Palladium, Pd O2 ; Suboxide of Palladium, Pd» O. 

583. Other Gompotiiidsof PaUadiiim:— Frotochloride ofPalla. 
diam, Fd Cb; Perchloride of Palladium, Pd CI4; Falladamine, Fd H 6 
N2 O ; Iodide of Palladium, Fd P ; Sulphide of Palladium, Pd S ; Sul- 
phate of Palladium, Pd SO^. • 

584. Tests:— 

1. Carbonate of potassium gives a brownish pp. soL in excess. 

2. Sulphuretted hydrogen and sulphide of ammonium throw 

down a black pp. 

3. Iodide of potassium gives a black pp. 

4. Cyanide of mercury produces a yellowish white pp. 



Rhodium, and its Compounds. 

585. Rhodium, Bo = 104.3. Sp. 6r. 12.1. Bhodium is also 
found associated with native platinum, f^om which it is prepared. It is a 
greyish, brittle, metal. 
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586. CMdas of Rhodium .— Pxotozide of Bhodhim, Bo O ; Ses- 
qsiozide of Biuxlinm, Bo» O,. 

687. Ofher Oompounds of Bhodinm :— Terchloride, Bo Cls; 
fl]id8esq^hloride,BosG]tofBhocliii]ii. Chloride (^Bhodinm and Sodium 
SHft a, Bo Cls, 9H,0, 

68aTtat8:— 

1. Ammonia throws down a yellowish pp. 

2. Protochloride of tin giyes a dark red-brown colour. 

3. Chlorides of potassiiun and anunoninm throw down pink pps. 



Ruthenium^ and its Compounds. 

689. Rutheniiim, Bn = 104.2. Sp. Gr. from 11 to 11.4. Foond in 
the platianm ores in America and Bosna, also with iridium and osminm. 
It is generally obtained from osmiridinm. It is a hard and brittle metal. 

690. Oxides of RuthenlTim:— 

Protoxide of Bntheninm Ba O. 

Seeqniozide „ Bos Os. 

Binoxide „ BuOt. 

Bi^enic Anhydride BuO^. 

691. OtherOompoandsof Ratheninm:— 

Bichloride of Bntheniam Ba CI,. 

Teichloride „ BnCl,. 

Sesqoichloride „ Bn^CV 

692. Tests:— 

1. The alkalies and their carbonates give brown pps. sol. in ezeess. 

2. Hydrosnlphnric acid produces a dark brown pp. 
8. Qyanide of mercury gires a blue pp. 



OSMIUM. 173^ 

Osmium, and its Compounds. 

598. Osmium. Os = 199 Sp. 6r. 21.4. Found in nature in 
combination with Iridinm, as Onniridinm from which it is obtained^ It 
is a grey, brittle metal. 

604. Oxides of Osmium : 

Protoxide of Osmium Os O. 

Sesqnioxide „ ; Os2 Os. 

Binoxide „ Os O2. 

Osmious anhydride Os Os. 

Osmic acid Os O*. 

596. Other Compounds of Osmium :— 

Fiotodiloride of Osmium Os Cls. 

Trichloride „ OsCR 

Osmic Sabchloride OsCl*. 

696. Tests:— 

1. The alkalies, on boiling, give black pps. 

2. Snlpboretted hydrogen throws down a brownish-yellow pp. 

3. Chloride of tin produces a brownish pp. 

4. Subnitrate of mercury gives a yellowish-white pp. 
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Weights and Measures. 



Apothecajues' Wexqht. 

Found Oss. Drachms Scrnples Grains Fr. Grammes. 

1 = 12 = 96 = 288 = 5760 = 372*96 

1 = 8 = 24 = 480 = 3108 

1 = 3 = 60 = 3.885 

1 = 20 = 1.295 

1 = 0.0647 



AvoiHDUPois Weight, 

Found Ozs. Drachms Grains Fr. Grammes. 

1 = 16 = 256 = 7000 = 453-25 

1 = 16 = 437.5 =: 28.328 

1 =: 27-343 =1 1.77 

iMPEKiAL Measure. 

Gallon Flnts Fluid Ozs. Fluid Drms. Minims. 

1 = 8 = 160 = 1280 = 76800 

1 = 20 = 160 =: 9600 

I = 8 = 480 

1 = 60 

Weight op Water at 62®, cx)ntain£d in the Imp. Gal. ftc 

Imperial Gallon r:= 70000 Grains 

„ Pint =: 8750 „ 

„ Fluid Ounce = 437.5 „ 

„ Fluid Drachm = 54.7 „ 

,, Minim = 0*91 „ 

Cubic Inches in the Imperial Gallon, &c 

Imperial Gallon = 277.276 Cu. In. 

„ Fint = 34.659 „ 

., Fluid Ounce = 1.7329 „ 

„ Fluid Dttwhm = 0.2166 „ 

,, Minim = 0.0036 „ 
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FRENCH WEIGHTS AND MEASURES. 
Measures of Length. 





En. In. 








Millimetre 


•03937 








Centimetre 


•39871 








Decimetre 


3-93710 








Metre 


39-37100 


Mil. 


Fur. Yds. Eeet. 


In. 


Decametre 


393^71000 





10 2 


9-7 


Hectometre 


3937-10000 





109 1 


1 


Kilometre 3937100000 





4 213 4 


10-2 


Myriometre 393710-00000 


6 


1 156 


6 




Measures op Capacity. 










English Imp. Meas. 






Cubic In. 




Gall. Pints F.Oz.F. Dr. 


. Min. 


MilUlitre = 


•06102 


i^ 





16-3 


Centilitre = 


•61028 


=z 


2 


48 


Decilitre = 


6-10280 


= 


3 3 


2 


Litre = 


6102800 


= 


1 15 1 


43 


Decalitre =: 


610-28000 


= 


2 1 12 1 


16 


Hectolitre = 


6102-80000 


:= 


22 1 4 


48 


KUoUtre = 


6102800000 


= 


220 12 6 


24 


Myriolitre = ( 


51028000000 


= 


2200 7 13 4 


48 


Unit 


'~~ 




1 Cubic Metre. 
Cu. Metre. 




Cubic Millimetre = 




0000,000,001 




Cubic Centimetre = 




0000,001 




Cubic Decimetre = 


I Litre 


= 0001 




Cubic Metre = 




1. 




Cubic Decametre = 




1,000-0 




Cubic Hectometre = 




1,000,0000 




Cubic Kilometre = 


1,000,000,000-0 




One Litre of Hydrogen weighs 0-0896 Gramme. 






Measures op Weights. 






Eng. 


Grains. 






Milligramme 


= 


•0154 






Centigramme 


n: 


•1543 






Decigramme 


= 1-5432 


AToirdnpois. 




Gramme 


= 15.4323 


Lbs. Oz. Drms. 


Decagramme 


= 154-S234 


5-65 




Hectogramme 


= 1543-2348 


3 8-5 




Kilogramme 


= 15432-3480 


2 3 5 




Myriogramme 


= 154323-4800 


22 1 2 





176 

Table fob Convbbsion op Deobees on Centigrade to 
Fahbbnhbit'b Soale. 



•Cant. 


RFah. 


PCent. 


•Fah. 


aCcnt. 


«Fah. 


»Cent 


«Fah. 


"Cent. 


•Fah. 


—50 


—68.0 


— 9 


15.8 


32 


89.6 


73 


163.4 


114 


237.2 


—49 


-^6.2 


-8 


17.6 


S3 


91.4 


74 


165.2 


115 


239.0 


—48 


—54.4 


— 7 


19.4 


84 


93 2 


75 


167-0 


116 


240.8 


—47 


—52.6 


— 6 


21.2 


35 


95.0 


76 


168.8 


117 


242.6 


—46 


—50.8 


— 5 


23.0 


36 


96.8 


77 


170.6 


118 


244.4 


—45 


—49.0 


— 4 


24.8 


37 


98.6 


78 


172.4 


119 


246.2 


—44 


—47.2 


— 3 


26.6 


38 


100.4 


79 


174.2 


120 


248.0 


—43 


—45.4 


— 2 


28.4 


89 


102.2 


80 


176.0 


121 


249.8 


—42 


—43.6 


— 1 


30.2 


40 


lO^l.O 


81 


177.8 


122 


251.6 


—^1 


—41.8 





32.0 


41 


1058 


82 


179.6 


123 


253.4 


—40 


—40.0 


+ 1 


33.8 


42 


107.6 


83 


181.4 


124 


255.2 


-^9 


—38.2 


2 


. 35.6 


43 


109.4 


84 


183 2 


125 


257.0 


—38 


—36.4 


3 


37.4 


44 


111.2 


85 


185.0 


126 


258.8 


—37 


—34.6 


4 


39.2 


45 


113.0 


86 


186.8 


127 


260.6 


—36 


-32.8 


5 


41.0 


46 


114.8 


87 


188.6 


128 


262.4 


•-^5 


—31.0 


6 


42.8 


47 


116.6 


88 


190.4 


129 


264.2 


—34 


—29.2 


7 


44.6 


48 


118.4 


89 


192.2 


130 


266.0 


—83 


—27.4 


8 


46.4 


49 


120.2 


90 


194.0 


131 


267.8 


—32 


—25.6 


9 


48.2 


60 


122.0 


91 


195.8 


132 


269.6 


—31 


—28.8 


10 


50.0 


51 


123.8 


92 


197.6 


133 


271.4 


—30 


—22.0 


11 


51.8 


52 


125.6 


93 


199.4 


134 


273.2 


—29 


—20.2 


12 


53.6 


53 


127.4 


94 


201.2 


136 


275.0 


—28 


—18.4 


13 


55.4 


54 


129.2 


95 


203.0 


136 


276.8 


—27 


—16.6 


14 


67.2 


55 


131.0 


96 


204 8 


137 


278.6 


—26 


—14.8 


15 


69.0 


56 


132.8 


97 


206.6 


138 


280.4 


—26 


—13.0 


16 


60.8 


57 


134.6 


98 


208.4 


139 


282.2 


—24 


—11.2 


17 


62.6 


58 


1S6.4 


99 


210.2 


140 


284.0 


—23 


— 9.4 


18 


64.4 


59 


138.2 


loo 


212 


141 


285.8 


—22 


— 7.6 


19 


66.2 


60 


140.0 


lOl 


2L3.8 


142 


287.6 


—21 


— 5.8 


20 


68.0 


61 


141.8 


102 


215.6 


143 


289.4 


—20 


— 4.0 


21 


69.8 


62 


143.6 


103 


217.4 


144 


291.2 


—19 


— 2.2 


22 


71.6 


63 


145.4 


104 


219.2 


145 


293.0 


—18 


— 0.4 


23 


73.4 


64 


147.2 


105 


221.0 


146 


294.8 


—17 


+ 1.4 


24 


75.2 


65 


149.0 


106 


222.8 


147 


296.6 


—16 


3.2 


25 


77.0 


66 


150.8 


107 


224.6 


148 


298.4 


—15 


5.0 


26 


78.8 


67 


152.6 


108 


226.4 


149 


300.2 


—14 


6.8 


27 


80.6 


68 


154.4 


109 


228.2 


150 


302.0 


—13 


8.6 


28 


82.4 


69 


156.2 


110 


230.0 


151 


803.8 


,-12 


10.4 


2P 


84.2 


70 


158.0 


111 


231.8 


152 


305.6 


—11 


12.2 


30 


86.0 


71 


159.8 


112 


233.6 


153 


307.4 


—10 


14.0 


31 


87,8 


72 


161.6 


113 


235.4 


154 


309.2 



o 
o 



I 
1 



I 



S a 



.11 

I 1 
-IB 

•^ d 

-^ .2 
£P 2 
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EXERCISES. 

l.~6iT6 the meaning of the followmg Symbols .• — 

H, S, 0, 0, P, Si, CI, I, B, Br, N, P. 
2.— Write the meaning of these Symbols :^ 

K, Na, Pb, Pe, Ag, Au, Ba, Al, As, Mg, Mn, Ca, Bi, Hg, 

On, Pt, Ni, Co, Sr, Zn, Sn, Sb, Od, Li. 

8' — ^Represent by symbols the following oxides :•— 

Black Oxide of Copper, Black Oxide of Iron, Sesqni- 
oxide of Iron, Sesqnioxide of Chrominm, Potash, Soda, 
Peroxide of Manganese, Protoxide of Nickel, Mercorous 
Oxide, Stannic Oxide, Alumina, Baryta, Strontia, Lime, 
Magnesia. 

4.— Write the symbols for these Acids and Anhydrides: — 

Nitric Acid, Sulphuric Acid, Phosphoric Anhydride, Car- 
bonic Anhydride, Hydrochloric Acid, Chloric Acid, Sul- 
phurous Anhydride, Nitrous Acid, Arsenious Anhydride, 
Chromic Acid, Boracic Acid, Silicic Acid, Arsenic Acid, 
Oxalic Acid, Hydrofluoric Acid, Hydrobromic Acid, 
Hydriodic Acid, Hydrosulphuric Acid. 

5. -« Write ont the names of the following salts: — 

KNO3; AgNOg; HgNOg. H,0; K, COs.H,0 ; KH 
CO3; Ca CO3; Ba Ca 2OO3; 2(B.,N% CO3. CO,; Cn 
2NO3. 6H,0; Cu 2NO3, 3Cu 'HA ; 3HgN03. Hg 
HO.; Mg 21«)3. 6H,0 ; Cu CO3, CuH, 0.. 

6.— Write the symbols for these componnds:— 

Malgchite, Galena, Potash Alum, Nitre, Cinnabar, Epsom 
Salts, Spirit of Salts, Calomel, Gypsum, Dolomite, White 
Copperas, and Blue Copperas. . . ^ _ 
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7.— Give the Atomic weights of :— 

0, S, P, H, 01, Ou, Fe, N, P, 0, 1, Br, Na, K, Pb, Al, 
Sn, Oa, Pt, Hg, Sr, Ba, Mg, Ni, Oo, Mn, Zn. 

8 — Find the proportion of each element in lOlbs. of Oarbonic Anhydride:— 

= 12 ; = 16. 

9.— In one poond (Avoir.) of the Chloride of Sodium, find the weight of 
each element: — 

01 = 85.5 ; Na =s 23. 

10. — ^Find the percentage of each element in the following oomponnds: — 
Sulphide of Copper, Bisulphide of Sodium, and Copper 
Pyrites. See Atomic Weights, par. 25. 

11. — Show, by a diagram^ the reactions in the preparation of Oxygen, 5th 
method ; Hydrogen, Ist method ; and Ammonia. 

12.--When two ounces (Avoir.) of Chlorate of Potassium are heated, cal- 
culate what weight of Oxygen should be obtained. 

13.— Write the names of these compounds :— 

Bi,Sa; AuA; SOJ; H^SO^; HOI; PA; H3P. 

SrCOa; SrOlOs; Na ClOs ; Ag^SOa; NaH SOg. mjd ; 

20u COa. Ou H, O3 ; Pe 8^ ; Mg Oa 2008- 
14. — Explain the reaction represented by this equation ;— 

2Zn SO4 = 2ZnO + 280, + 0,. 
16.— Define these terms :— 

Anhydride, Acid, Base, Salt, Atom, Molecule, and Salt 

Radicle. 
16. — ^Find the percentage composition of — 

Ca COa ; Mg COa ; KOI ; and Hg^S. 
17.— Find the weight of each element in one pound (Avoir.):— 

2Naj COa, H, COa. 3H,0 (Trona^ . 
18.— V^rite the Names for these Compounds:— 

Or, Ole; Mn« 01,; PhSO,; H SOg ; 8A&S, Sb,8a; 2Li010a 

+ H3O; MnS04; KH8O3; Zn 8O4. 
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19.— How many litres of oxygen should be obtained from 3 oanees of Chlo- 
rate of Potassium ? — 

20. — Calcolate the per centage of each element in the following com- 
pounds : — 

K, CO; Na HCO,; Pb SO4, and Na PO.. 

21.— Bzplain the chemical reactions represented by the followiog 
equations:— r 

(1). H4N NO, = 2H, + NaO. 
(2). 8Pe + 4HjO = PeO, PcjOa + 4H,. 
(3). 2 Zn SO4 = 2 Zn + 2SO3 + 0,. 

22.—- How many grammes of nitrons oxide and water shoold 100 grammes 
of nitrate of ammoninm yidd ?— 

'23. — What weight of oxygen would fill a globe holding 20 litres at 
50OF.? 

24. — Find the per centage composition of :-^ 
Ag PO4; KHSO4; and Ba 01,. 2H,0. 

25. — ^Explain the chemical reactions represented by these equations' : — 
<1). Pe S+H,S04 == BS + FeS04 
(2). H,N NOj = 2H,0 + N2. 
(3). CaOOs + 2H01 = OaCl, + H^O + 00^ 

-26. — Give synonyms for these names: — 

Cnpric Acetate, Plnmbic Nitirat^ Bismtitkic Oxide, 
Zincic Oxide, Cobatic Oxide, Cobaltic Peroxid^ Man- 
ganic Anhydride, Manganons Snlphate, Perric Anhydride, 
Ferrous Iodide, Aluminic Hydrate, Magneric Solphal^, 
Hydric Perchlorate, Hydrate Chlorate, Potassic Iodide, 
Potassic Chloride. 

27.— Give synonyms for these names: — 

Potassic Cyanide, Poiassic Tartrate, Sodic Oxide^ Sodic 
Hydrate, iSodic Sulphate, Hydrosodic Carbonate, Sodic 
Sulphite, Sodic Chloride, Sodic Silicate, Ammonie Chlo- 
ride, Amnionic Nitrate, Hydro Amnionic Sulphide, 
Baric P^oxide, Baric Hydrate, Baric Carbonate, Strontic 
Nitrate, Strontic Sulpfaatei Calcic Chloride. 
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28 . --Write the f ormalsB for the following sabstaoces : — 

Nitrous Anhydride, Nitric Anhydride, Hydric Nitrate, 
Hyponitric Anhydride. Amnionic Oxide, Heavy Carbide 
of Hydrogen, Light Carbide of Hydrogen, Hydric Sul- 
phate, Hydric Sulphide, Sulphurous Anhydride, Sulphuric 
Anhydride, Hydric Hypo-phosphite, Hydric Phosphite, 
Trihydric Phosphate, Dihydric Diphosphate, Hydric 
Chlorate, Hydric Percjilorate, Hypochloric Anhydride. 

29.— Represent the following Equations by Diagrams ;— 

(a), 2 (HgO) + 4Cl = HgO, HgCl, + Cl^ O. 

{by 2 (SO,) + NA + 2 (H3O) = 2 (HaSOOH- 2 (NO). 

(c). 2 (NH3) + 3 CI2 = 6 f HCl) + No. 

{d]. 3 (KjCOs) + 6 Ci = 5 (KCl) + 3 (CO,) + KCIO,. 
30. — Calcalate the percentages in these substances: — 

AI2 3 (SO,), K,SO„ 24 HjO; Fe, (SOO3, 7 H^O; 

Mn SO4, 7 (H3O); Cr^Oa, 4 (H.0); Cu (NO3),, SH^O 

31. —Give the formulee of these percentages :— 

(a). Ba = 56-16. CI = 29.09. H = 1-64. = 13*11. 
(b). Na = 14-29. S = 9-93. = 69-57. H = 6-21. 
(c), Ca = 23-26. S == 18-60. 55-81, H = 2-33, 

32. — Show by equations the chemical changes when 

(1). Dry chlorine is passed over nitrate of silver. 

(2) Nitric acid is added to chalk. 

(3) Sal-ammoniac and potash are heated together. 

(4) Sulphuric acid is heated with common salt. 

33.-^CaIcnlate the percentage composition of 

(1) Blue carbonate of copper. 

(2) Chlorate of magnesium. 

(3) Potash alum. 

34.-— How much sal-ammoniac will yield a kilogramme of ammonia? 
P 
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36.— Ghre the fonnnbB for the lUlowiiig peramtigM:— 

{a). Sr = 32.84. CI = 26.64. H = 4.50. = 36.02. 
(J). Ca — 24.54. H = 2,45. P = 19.02. = 53.99. 
(c), Co =5 20.99. 8 =5 11.39. H = 4.98. O = 62.64. 

36.-**State in eabic osntimeireft how mnch nitrogen is set free in the com- 
bofltion of 20 CO. c. of I 



37,^ExpreM in gnunmes, how much copper and nitrie acid should be osed 
to obtun 50 litces of nitric oxide, at the oidinarjr temperatare and 
preMure. 

38.— What Tolnmes of oxjrgen and nitrogen woold be respectivelj pro- 
cured by the decomposition of 10 litres of langhing gas ? 

39. — Calculate the formulie for these percentages :>— 

{a). Ou = 25.45. S = 12.83. = 57.72. H = 4.00 

(ft). Al = 8.25. S = 14.89. = 71.97. H = 5.39. 

(c). Na = 18.55. 8 = 25.81. = 51.61. H = 4.03. 

40.— Explain the reactions indicated in these equations:^ 
(1; 2H, N 4- 801, = 6 KOI + N,. 
(2) 2NaI + MnO, + 2H,S04 = Na,BO, + MnSO, + 

2H, + 12. 
;3) NaCl + H, SO4 ^ HOI + NaH SO4. 
(4) 2NaO,H8 0, + BaO, H,0 = BaOOs + Na, CO- + 

2OH4. 

41.— Find how many pints of hydrochloric acid, and how numy oqnces of 
manganese, should be used to yield 100 litres of Chlorine (at 0°C| and 1 
Om. 76 Bar.) 

42.— Calculate the percentage composition of: — 

MgOla. 6H2O; Za SO4 7H2O ; Ag, PO^. 

43.— Give the formulce for the following per centages :— 

(a). N = 22.58 H = 6.46. = 19.36. = 51.^0. 
(J). K = 13.86. Na = 8.15. C == 17.02. H = 4.25. 

O = 56.72. / 
(c). Ou == 14.38. S = 14.49. = 50.71. K = 17.70. H 

= 2.72 
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44. — Explain what occurs, 

(1) When hydrochloric acid is added to sesquioxide of 

iron. 

(2) When manganese, common salt, and oil of vitriol, are 

mixed and gently heated. 

(3) When carbonate of potassium and half its weight of 
lime, with water sufficient, are boiled. 

45.--0ive the formnlsB for Glance Cobalt, Bed Fmssiate of Potash, Trona 
Sal-ammoniac, Heavy Spar, Celestine, Iceland Spar, Cryolite, 
Calamine, Borax. 

46. — * A Salt has been found to contain in 100 pares 

H, 3-18; O, 33*88 ; N, 14-84; S, 16-95; Ni, 31*16. 

What is the Formula of the Salt ? 
Give such details as will show the mode of Calculation. 
=- 16, H =- 1, N = 14, S = 32, Ni = 58*8. 

47. — ^Describe and represent in Equations the several stages of the Manu- 
facture of Phosphorus. 

48.— How many pounds of Silver are necessary to prepare SOlbs. (Avoir.) 
of Nitrate of Silver? 



0=:][6; N = 14; Ag=108. 

le Composition of HCl, H2O, and of '. 
ime, and state the specific gravities of thi 
rred to Hydrogen. 

H=l;O = 16;N=14;01 = 35-5- 

'ormula of Crjrstallized Carbonate of Sodium is 
3O. What is its percentage Composition? 

H = 1 ; =^ 16 ; = 12 ; Na = 23. 

any pounds of Copper are necessary to prepare 1 
ystallized Sul]>hate of Copper, Gn SO4 -f S&sO? 

H=«l; = 16; S==82; Ou= 68-86. 



40. — Give the Composition of HCl, HjO, and of NHs by weight and 
volume, and state the specific gravities of these three compounds 
referred to Hydrogen. 



50. — *Thc Formula of Crjrstallized Carbonate of Sodium is NaCOs + 
10H2O. What is its percentage Composition? 



51.— *Ilow many pounds of Copper are necessary to prepare 100 pounds 
of Crystallized Sul]>hate of Copper, Gn SO4 -f S&sO? 
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52.-~*A Sab&tance has been found to consist of Calciom, Phosphoras, and 
Oxygen in the foBowing proportions : — 

Ca, 33-71; P, 20,00; 0,41.29. 

Ca = 40 ; P = 31 ; = 16. 

What is the Fonnnla of the Substance ? 

53.— >*10o parts of Peroxide of Manganese contain 36*7 parts of Oxygen. 
How many part*! of Oxygen may be obtained from the Peroxide 
by the action of heat alone, and how many by the action of 
Salphoric Acid? 

Mn = 55-2; 0=16. 

M^^The specific gravity of Nitrogen referred to that of Hydrogen is U. 
What is Uie specific gravity of Ammonia referred to that of 
Hydrogen as uniQr ? 

55. — Write the formula for this compound:— 

K = 8.23. Al = 5.79. S = 13.49. = 67.48. H = 5.06. 

56. — Oive the teats for ammonia, snlphnric add, nitric acid, chlorine, baiyta, 
and copper? 

57.~£xplain the reactions represented by these equations :— 

(1). 3CaO + 12S + H, = 20a S^ + Ca S^K^O,. 

(2). Ba, SO4 + 20a 01 = Oa, 8O4 + 2Ba 01. 

(3). Sb, Ss + 6H01 = 2Sb 01s + 3H S. 

(4). Ou + 2H3 SO4 = Cu SO, + SO, + 2H, O. 

58. — Name the principal ores of lead, iron, copper, mercury, barium, arseuic 
tin, antimony, and zinc. 

59.— Explain the terms monatomiCf diatomic, triaUmiCy and tetratomic. 
60.— Find the weight of 20 litres of marsh gas at 0<> C (32^ F), and 760 

millimetres pressure. 
61. — Calculate the percentages of the following compounds : — 

Od 2N08. 4H,0 ; K Mn 2SO4. 12H,0 ; (Ca Mg Pe Mn) 
0,SiO,. , 

62. — ^Express in grammes, the weight of carbonate of calcium necessary to 
yield 50 litres of carbonic anhydride, at 10^ C, and 760 mm. pressure. 
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63* — How much air is necessary for the entire combustion of 100 grammes 
of carbon ? 

64. — Describe Marsh's and ReincWs tests. 

65. — How many cwts. of sulphuric acid, containing 70 per cent, of 
H2 SO4, would be required to produce 10 tons of salt-cake ? 

66. — ^How may the ferrous and ferric salts be distinguished ? 

67.— If 5000 litres ofolefiant gas are consumed in a room containiog 500 
cubic metres of dry and pnre air, both at 10** C and 760 mm., what is 
the percentage composition of the air at the close, providing nothing 
escapes ? 

68 — Describe the chemical reactions when — 

(I). Hydrochloric acid is added to Baryta. 
(2). Phosphorus is boiled with baryta and water. 
(3). Bauxite is heated with carbonate of sodium. 
(4). Sulphite of sodium is boiled with sulphur. 

69. — Explain these equations :— • 

(1). 6Ba S + 6H2O + 8Cu = 5(Ba H^O) 4- Ba S 

H, O4 + 4Cu2 S. 
(2). 3 (Co 0, HjO) + CI3 = Co, Og, 3H,0 + Co CI3. 
(3). 2K Br Os + 6H3S = 2K Br + 6H2 + BS,. 

7O5 — Calculate the percentage composition of :— 

ZnS04. 7H2O ; MgO, SiOj. 2Mg 0, 3SiO, ; KAl 280^, 
12H2O. 
71. — Represent these equations by the New Notation : — 

(a). MnO, + NaCl + 2 (HO, SOj) = MnO, SOj, + NaO, 

SO3 + 2H0 + CI. 
(J). 3(K0, CIO5) + 2(H0, SO3) =- 2(K0, SOs) + KO, 

CIO, + 2 CIO4 + 2H0. 
(c). NaCl + HO, 8O3 = NaO, SOs + HCl. 
72. — What is the per centage Composition of : — 

Ag NO, ; Sb, 0„ 4(H, 0); On 0,H, 0, , Cu (NO,),, 3(H,0 )? 



186 SXSBOZBES. 

73. — ^Fiad the per centage of each element in'these Compoands : — 

Pb CO, ; Pb (0, H, 0,),, 3(H,0) ; Bi (NO,),, 10(H,O) ; 
Cd (NO,),. 

74. — *One Gramme of P. is to be converted info the Pentachloride of Phos- 
phorus. How many litres of CI at (O^C, and O™ JG Bar) are required, 
and how many grammes of Binoxide of Manganese and liquid Hydro- 
chloric Acid (containing 20 p. c. of Anhydrous Acid) are necessary to 
evoWe this quantity of Chlorine ? 

76.-— *Give the Formulae of Ammonia and Phosphoretted Hydrogen, the 
percentage composition of these Compounds by weight and by volumei 
and their specific grayities. 

76.— *One Litre of defiant gas of O^ C and O™. 76 Bar. is to be completely 
burned by Oxide of Copper (CuO). How many grammes of Oxide of 
Copper are required and how many litres of Carbonic Acid, are pro- 
duced? Give such nnmerical details as will show the mode of 
calculation. 

H= 1 ; C==12; Cu = 63-5; = 16. 

77.— *45-3 parts by weight of dry pure Carbonate of Sodium, are fused 
with 54*7 parts by weight of Sulphur, air being carefully excluded. 
Express the reaction which takes place^ and the products which are 
formed, in an equation. 

78. — ♦The Iodine in 100 volumes of Hydriodic Acid is liberated in suc- 
cession by Chlorine and by Oxygen. How many volumes of Chlorine 
and how many volumes of Oxygen are required ? 

70. — How many litres of gaseous Ammonia are necessary to neatndi^e 20 
grammes of Hydrochloric Add Gas ? 

80. — Explain the chemical changes in the ordinary methods of manufiictar- 
ing phosphorus, and oil of vitriol. 

81.-— In passing 6 litres of gaseous hydrochloric acid over hot iron, what 
volume of hydrogen may be obtained ? 

82.— What weight in grammes, of pure Manganese should be used to obtain 
i grammes of Chlorine ? 

83. — What compound would be formed by burning Phosphorus in Chlorine 
and what volume of the compound gas would be the restdt, providug 
5 litres of Chlorine are used ? 
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84.— What volnme of Chlorine can 10 litres of Phosphnrctted Hydrogen 
take np ? 

PH3 + 4Cl8 = PCls + 3HC1. 

86.— If 20 grms. of Silica are nscd to produce the fluoride of Silicon, wh at 
is the volnme of the gas ? 

Si 0, + 4HP = Si P4 + 2B2O. 

86.— Give the volume of Nitric Oxide required in the complete comhnstion 
of 5 grms. of Bisulphide of Carhon ? 

CS3 + 6N0 = 3N3 + CO3 + 280,. 

87. — Kow many litres of Hydriodic Acid would unite with 1 litres of 
Fhosphnretted Hydrogen? 

PH3 + HI = PH4 1. 

88.— What is obtained by saturating Phosphorus with Chlorine, and what 
would be the volume of its vapour at O^ C. and 760 mm. providintr 
5 grms. of Phosphorus were used ? 

89. — Explain the reaction) indicated by these Equations :~ 

(1) 2PH3 + 40, = PaO, + 3H,0. 

(2) CO CI, + H,0 = CO, +2HC1. 

(3) KC,Hs 0, + KHO = CH4 + K,C03. 

00. — Express by Equations the chemical changes which take place :-r 

(1) By the action of HNO3 upon HKO. 

(2) By the combustion of bisulphide of carbon in oxygen. 

(3) By heating MnO, with HCl, and conducting the gas 
produced, into KI in solution, 

91. — ^Explain the reactions expressed by the following Equ.ationa :— 

(1) Oa CO3 + H,S04 = Ca SO4 + CO, + H2O 

(2) SO, CI, + 2H,0 = H^SO^ + 2[1C1. 

(3) SO, + 2KH0 = K,S03 +■ H^O. 

92.— 'Find how many cubic centimetres of Carbonic Acid and Nitrogen, 
are respectively given off in the combustion of 10 grms. of gunpowder. 
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93.— -Explain these EqoHfcioiu :— 

(1) 2Sb + 2HgCI, = SbCla + SbHg + HgCI. 

(2) Hg CI, + Sn = Sn CI, + Hg. 

(3) CujS + 2CaO = SO, + 4Cu. 

(4) 2FeS, + 30, = 2FeS + 2 SO,. 

(5) 7P + 7CaO = Ca, P, 0, + 5CaP. 

04,^Ca]calate the percentage composition of Chloride of Lime, Sesqui 
carbonate of Ammoniam, and Stannate of Potassium. 

95.— Describe the chemical reactions when 

(1) Gl is passed through CoO, H,0 and water. 

(2) Mg 2NO3. 6H2O is heated to redness. 

(B) ^n CI, is boiled in solution, with Fe, 0^, H5O. < 
(4) The following mixture is distilled : Ca F, -f Asj Oj + 
H, 8O4. 

96.— llowwonld you distinguish Baryta, Zinc, Alumina, and Lead in the 
same solution ? 

97. — How may Cadmium and Copper be distinguished from each other 
in solution? 

98 — Give the tests by which Cobalt, Nickel, Iron, Tin, and Mercury may 
be detected in the same solution. 

99. — How may the following metals be respectively identified before the 
blowpipe: — Manganese, Silver, Bismuth, Alumina, Zinc, Lead, Tin 
Copper, Cobalt and Nickel? 

100. — Explain these equations :— 

(1). S, K, -f (HCl), = SHo + (CI K), + S. 
(2). (BaO,H,)o + I,, = (IO3), Ba + (L B.), + 
(H, 0)o. 

(3). (Mn 0, K,)3 + (H, 0), = Mn, O^ K, -f ^^'i 0, + 
(HKOV 

(4). Or O3 + (HCl)o = Or Cls + CI3 + (Hg 0)3. ^ 
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101' — Explain the following equations : — 

(1). (Or 0,), + (HCl), + (H, S), = Cr, CI, + S,+ 

(H,OV 
(2). Cr, (SO,), + [(NHO,S], + (H, 0). = Cr, 0, H. + 

(SO,(H,N),), + (H,S),. 
(3.) Al, CI. + (NHO, S), + (H,0), = A 0, H, + 

(H,8). + (C1NH0.. 
(4). (PO4 Na,H), + (SO4 Cn), = (PO,), Cnj + (80 
Na,), + SO, H,. 
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Lake Pigments 102 

Lampblack .'.^ fis 

Lanthanum '„ ipg 

Laughing Gas (nitrous oxide)... 26 
Lazulite ,.,... ip4 
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„ Bromide of \^ 

„ Carbonate of 155 

„ Chloride of 154 

„ Chrom^te of.....^....l... las 

„ Cyanide of ...*...«........ 156 

„ Fluoride of ....fv. •> l^^ 

„ Iodide of ^ 154 

„ Nitrate of. !... 156 

„ Nitrites of !!... 156 

,1 Oxides of r.... 153 

„ Oxychlorideof........!... Ki4 

„ Peroxide of 1......... 154 

,; Phosphates of 1... 156 

,, Proto^ulphide of !... 154 

„ Red :... 168 

f, Subsnlphide of ..> ........ 164 

„ Sulphate of ....'.*..,, 165 

„ Sulphite of ...,, 165 

„ Tests for .......^ 166 

Light Carbu^'tted Hydrogen... ^ 

Lij^e 1... 96 

„ Chloride of Q)leacluog 

powder) .'!... 99 

„ Burning of ^- 96 

„ Hydrate of f 97 

M Salts of (see Calcium) ... 

Limewater 97 

Liquor Pot^se 74 

Xatharge ► 168 

Lithia -. 8(( 

Lithium J... 66^ 

„ Carbonate of ^ft 

„ Chloride of..., .(86 
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lAfhiam, Fhoiphate of. 86 

„ Sulphate of 86 

„ • Tests for 86 

Lirer of Antimony 142 

liyer of Sulphur 78 

Loadstone 120 

Xoam 105 

liucifer Matches 67 

Lunar Caustic 165 



MAGISTERY OF BISMUTH 144 

Magnesia 109 

„ Alba 110 

,, Hydrate of 109 

Magnesian Limestone 108 

Magnesite 110 

Magnesium 108 

„ Borates of HI 

,, Carbonate of. 110 

„ Chloride of 109 

„ Nitrate of. 109 

Magnesium Phosphates of 110 

„ Silicates of 110 

„ Sulphate of 109 

„ Sulphide of 109 

„ Tests for Ill 

Magnetic Iron Ore 120 

Malachite 148 

Manganates 131 

Manganese ISO 

^ Black Oxide of.... 130 

,. Blende 131 

„ Carbonate of. 132 

J, Chlorides of. 131 

„ Fluorides of 132 

„ Oxychloride of. 1 32 

,, Sesquioxide of 130 

^ Spar 132 

„ Sulphate of 132 

„ Sulphide of 130 

Tests for 131 

Manganite ^. 132 

Manganspath 180 

'^anganous Oxide ^ 132 



Marble lOO 

Marking Ink 165 

Marl 104 

Marsh Qas 30 

Meerschaum liO 

Melanochroite 128 

Mercuramine, Chloride of 159 

Mercuric Chloride (corro-snb.) 159 
Mercurous Chloride (cak>mel) 158 

Mercury 157 

,. Bromides of 159 

„ Chlorides of .......^... 1681 

„ Fulminate of 160 

„ Iodides of • 159 

„ Nitrates of. 160 

„ Oxides of 158 

„ Oxychloridea of. 159 

„ Sulphates of 160 

„ Sulphides of ^•... 159 

„ Tests for 160 

Metals, Definition of 5 

Metaphosphates 62 

Methyl, Hydride of (Marsh gas) 30 

Mica 73 

„ Slate 105 

Microcosmic Salt , 85 

Milk of Lime 97 

Millerite 118 

Mineral Chameleon 131 

„ Water 20 

Minium •« 153 

Mispickel 124 

Moir^ Metallique 135 

Molecule, Definition of C 

Molybdenum 146 

„ Chlorides of. 14« 

,, Oxides of „•...... 14« 

„ Sulphides of........ 14< 

„ Tests for .„.., 14« 

Moroxite 103 

Mortars and Cements 9i 

Mosaic Gold ISf 

Mundic (Iron Pyrites) 12C 

MuntzMetal 14S 

Music Type 141 
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KATRON 83 

Nickel 117 

„ Arsenical 118 

„ Carbonates of ...,.119 

„ Chloride of 118 

„ Extraction of 117 

„ Glance 118 

„ Oxides of. 118 

„ Properties of 118 

,. Sulphate of «.... 118 

,, Salphidesof 118 

„ Tests for 119 

Niobiam (Columbium) 145 

Nitrates 24 

Nitre 75 

„ PlantatioDd of 75 

Nitric Acid 23 

., „ Hydrates of. 24 

„ „ Preparation of ... 23 

„ „ Tests for 24 

Nitric Oxide (Deutoz. of Nit.) 25 

Nitrogen (Azote) 21 

,, Bromide of. 69 

„ Chloride of 40 

„ Deutoxide of 25 

„ Iodide of. 45 

„ Peroxide of. 25 

„ Preparation of 22 

., Protoxide of 25 

„ Sulphide of. 70 

Tests for 22 

Nitrosyl (Nitric Oxide) 25 

Nitrous Oxide (Protox. of Nit.) 25 
Nomenclature, Definition of ... 1.3 
Nordhansen Sulphuric Acid ... 52 
Notation, Definition of 13 

OBSIDIAN 105 

Ochre 104 

Oil of Vitriol 60 

Olefiant Gas (ethylene) 31 

Olivine 110 

Oolite 100 

Opal 65 



Orpiment 189 

Orthophosphatea 62 

Osmium 173 

„ Chlorides of 178 

„ Oxides of. M... 173 

„ Tests for 173 

Oxyacids. definition of. 14 

Oxychloride of Carbon (chloro- 

carbonic acid) ..* 41 

Oxygen 18 

^ Preparation of 18 

„ Properties of 18 

„ Testa for 19 

Oxysalts, Definition of 15 

Ozone 19 

Ozonized Water 131 

PACKFONG 118 

Palladium 171 

„ Chlorides of. 171 

„ Iodides of. 171 

„ Oxides of. 171 

„ Sulphate of. 171 

„ Sulphide of 171 

„ Tests for 179 

Papier Moure 134 

Patent Yellow 150 

Peacock Copper Ore 155 

Pearl Ash 74 

„ White 140 

Perchlorates 44 

Periodates 43 

Permanent White 91 

Permanganates 135 

Petalite 105 

Pewter - 136 

Phosgene (oxychl. of carbon)... 41 

Phospham 71 

Phosphates (tribasic) 69 

Phosphites « 51 

Phosphorite 106 

Phosphorus *6 

,, Bromides of. 71 

„ Iodides of 70 
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Fhoiplionifly Obddes ot 68, 58 

,y Ozyehloride of . . 70 

. „ Pentachlorideof... 64 

f, Bed or AmorphooB 57 

y, Snlphochloride of 70 

„ Terchloride of 64 

Fbospharetted Hydrogen 63 

Fioomiiie 110 

Fink Colour (earthenware) 106 

Pins, Tinning of 135 

Pitch-blende 133 

PipeKslay 104 

Plaster of Paris ^ 99 

' Platinic Chloride 170 

f. Oxide 169 

. Blatinoos Cblorido ...^... 169 

H Oxide 169 

Plotinnm 169 

„ Black 169 

' ..„ Chlorides of ...'. 169 

< „ Extraction of 169 

,, Folminating 170 

„ Iodide of 170 

. „ Oxides of. 169 

„ Properties of 169 

„ Sponge 169 

. ,, Sulphides of 169 

„ Tests for 170 

^ ' Flnmbago (graphite) 27 

' Poling, Copper 148 

Porcelain 105 

Portland Stone 100 

» •Porphyry j: 105 

Potash — 74 

M Oanstic : ,....'„ 74 

• ^. Hydrate of .....;. 74 

Potassiamide .< 78 

• Potassium 73 

f, Anhydrochromate of 128 

..„ Bicarhonate of 75 

M Bichromate of. 128 

„ Bisnlphateof 78 

„ Bromide of 77 

,« Carbonates of ...... 75 

„ Chlorate of 76 

. ,, Chloride of 77 



Potassinm, Cyanate of fl 

„ Cyanide of W 

„ Ferricyanide of ... 7( 
„ Ferrocyanide of ..; 7! 

„ Fluoride of 71 

„ lodate of 7\ 

,y Iodide of 7^ 

„ Nitrate of. -.. 7i 

., Nitrite of...,.; 71 

„ Oxalates of 71 

„ Oxides of. 7^ 

„ Perchlorate of 7' 

„ Phosphide of 7t 

„ Silicoflnoride of ... 7! 

„ Silicates of 7i 

„ Sulphates of. 7i 

„ Sulphides of ii 

„ Sulphite of ; 7J 

„ Tartrates of 8i 

„ Tests for ^ 

„ Tetroxideof 7^ 

Pottery 10 

Prehnite 101 

Prussian Blue 12 

PruBsiates Of Potash ;.. 7 

Psilomelane 13 

Pumice-stone 10 

Purple of Cassius ;.. 16 

Puzzuolana 9 

Pyrolusite 13 

Pyrope 10 

Pyrophosphates € 

Pyroxene H 

QUARTZ € 

Queen's Metal U 

Quicklime ».!..•. S 

RAIN WATER ', i 

Realgar 1^ 

Reaumur^s Porcelain ..i« < 

Red Antimony Ore 1^ 
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RfdFire 05 

„ Lead 163 

„ Manganese 132 

„ Phosphorus 57 

„ Silver Ore 164 

Rhodium 171 

,1 Compounds of. 172 

„ Testa for ,i... 172 

Rinmann's Green 116 

Roche Alum ^03 

Kock Crystal 65 

„ Salt.... ^... ,81 

Roman Alam .'. 4... 103 

Rouge w... ;23 

Rubidium 89 

,, Salts of „ 90 

„ Tests for 90 

Ryby ..:. !!*.!!. .,..102 

Rupert*8 Metal 149 

Buthenium 172 

„ Salts of .....172 

„ Tests for 172 

Rutile 145 

SAFETY LAMP 31 

Sal Ammoniac 87 

„ Prunelle '76 

Salt Cake 82 

Salpetre 75 

Salt Radicle, Definition of 11 

Salts, Definition of.... 11 

Sapphire. 102 

Scheele's 'Green 139 

Scheeliie7- 147 

SciiweibYurt Green 139 

Sea Water 21 

Selenium 54 

Seteniufetted Hydrogen 55 

Serpendhe. 110 

Silica...... 65 

Silicates.!. (;6 

Silicon (Sificium)... 64 

„ Amorphous 64 

\, Bromide of 71 

„ Chloride of 71 

„ Crystalline 65 

^, Fluoride of .........;,. 66 



Silicon,. Graphitoid ........:..;... 65 1 

„ Hydride of. .71 

„ Hydrochlorate of. - 7t 

SilvQf .„ > 161 

„ Bromide of 1^ -. 

„ Chlorides of 168 - 

y, Cyanide of. 166 

„. 3?luorideof. JL64 

„ Fulminate of. 165 

„ Falininating .168' 

„ Iodide of 164 

„ JJitrateof 165 

„ Oxides of 168 - 

„ Phosphates of 165 

„ Plating.... 162 

„ Properties, of.. „...,, 162,- 

„ Suboxide of I63 

„ Sulphate of 164 

„ Sulphides of 164 

„ Sulphites of 164 

„ Tests for 165 

Silvering 162 

Similor 149 

Slaked Lime- 97 

Smalt , 116 

Smaltine ,.,, 115 

Soapstone , , llO 

Soap Test, Clark's 100 

Soda 81 

„ Salts (see Sodium) 

Sodium .80 

„ Acetate of 85 

„ Biborate of ....„..», 84* 

„ Bicarbonate of/ 83 

„ Bromide of 85 

„ Carbonates of ,82, 3.5 

„ Chloride of ,.... ^1 

„ lodideof 85 

„ Hyposulphite of.., 83 

„ Nitrate of .84 

„ Oxide of 81;, 

„ Phosphates of 83,, ?5 

„ Se^quicarbonate of. .83 

„ Silicates of 85 

„ Sulphates of 82 

„ Sulphides of.,..,,.,.,,,,. .. 8S» 
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Sodiam, Solphites of ..; 85 

„ Tests for 85 

Solder 185 

BpBthicIron Ore 119 

Specific Gravify, deflcition of . . . 8 

Specular Iron Ore 120 

Specoliun Metal U9 

Speiss 117 

Sphene 145 

Spring Water 20 

Stalactites, Stalagmites 100 

Stannic Chloride 136 

Stannous Chloride 186 

„ Oxide 135 

Steatite (soapstone) 110 

Steel 122 

„ Blistered 122 

„ Cast 122 

„ Cementation of 122 

„ Shear 122 

„ Tempering of 122 

„ Tilted 122 

Stilbite 105 

Stoneware 106 

Stream Tin - 134 

Strontia 94 

Strontianite 95 

Strontium 94 

,t Carbonate of 95 

„ Chloride of 95 

Nitrate of 94 

Sulphate of 95 

Sulphates 52 

Sulphides 47 

Sulphur 46 

„ Chloride of 70 

„ Extraction of 46 

„ Oxides of 48 

Sulphuretted Hydrogen 53 

„ Waters 21 

Sulphuric Acid. 50 

„ Hydrates of .52 

„ Manufacture of 50 

Sulphurous Anhydride 49 

Sulphuryl, Chloride of 70 

Syenite 150 



Sympathetic Ink U6 

TABLE of Atomic Weights.. . 12 

„ Carbonates 30 

M Chlorates 39 

„ Nitrates 24 

„ Elements 12 

„ for conyersion from Cen- 
tigrade to Fahrenheit 176 

„ Svdphates 58 

,f Sulphides 47 

„ Sulphites 50 

f. Analysis 177 

Tables of Weights & Measures 

174, 175 

Talc 110 

Tantalite 145 

Tantalum 145 

Tartar Emetic 143 

Tellurium 55 

Telluretted Hydrogen 56 

Temperin{4 of Steel 122^ 

Tennantite 150 

Terbia 108 

Terbium 108 

Thallium 157 

„ Oxides of. 157 

„ Salts of 157 

„ Tests for 157 

Thenard's Blue 116 

Thorinum 108 

Tin 134 

„ Alloys of 135 

„ Binoxideof 135 

„ Chlorides of 136 

„ Oxides of 135 

„ Protoxide of. 135 

„ Sulphides of 136 

„ Tests for 137 

., Tetrachloride of. 136 

Tincal (borax) 84 

Tinfoil 135 

Tinplate 135 

Tin pyrites 134 
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Tiiurtone 1S4 

Tin-white Ck>balt ^ U5 

Titanite 145 

Titanium 145 

,, Bisulphide of 145 

„ Chloride of 145 

„ Oxides of 145 

„ Tests for 145 

Topaz 102 

Trachyte 105 

Trap 105 

Trona 83 

Tungstates 147 

Tungsten 147 

„ Chlorides of 147 

,» Oxides of 147 

„ Oxychloride of 147 

„ Sulphides of 147 

„ Tests for 147 

Turner's Yellow 154 

Turpeth Mineral 16o 

Turquoise 104 

Tutenag Il8 

Tutty 112 

Type-metal 14| 

T^pes, Definition of 9 

IIBANITB 133 

Uranium 133 

,. Chlorides of 133 

„ Nitrate of 133 

„ Oxides of 133 

„ Sulphate of 133 

„ Tests for 134 

VANADIUM 146 

„ Chlorides of 146 

„ Oxides of 146 

„ Sulphides of 146 

„ Tests for 147 

Vanquelinite 128 

Varvicite 131 

"Vermilion 160 

„ Antimony 142 

Vivianite 125 



WAD .„ 131 

Water 20 

,f Chalybeate 20 

„ Hardness of... lOO 

„ Mineral 20 

,. Bain 20 

„ Sea 21 

„ Spring 20 

„ Sulphurous 21 

Wavellite 104 

Wedgewood Ware 106 

White Antimony Ore «.,... ]4l 

,. Arsenic 138^ 

„ Gunpowder 77 

.„ Lead 155^ 

ff Precipitate 159* 

„ Vitriol 118 

Witherite (Carb. of Barium)... 93 

Wolfram 147 

Wood Charcoal 2^ 

TELLOW OCHBE 104 

Yttria loa 

Yttrium 108- 

ZAFFRE Ufr 

Zeolites 105^ 

Zinc Ill 

„ Carbonate of 113 

„ Chloride U2. 

„ Extraction of ill 

„ Nitrate of 113 

„ Oxide of 112 

„ Properties and uses of ... 112 

„ Sulphate of lia 

„ Sulphide of 113 

„ Tests for 113. 

Zircon 107 

Zirconia 107 

Zirconium ^ 107 . 

„ Compounds of 107 

„ Tests for 107 
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